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REPORT of the COUNCIL. 


DurinG the Session 1905-1906, there have been seven 
ordinary meetings and one field meeting of the Society 
held in conjunction with the Manchester University 
Biological Society. 


The communications made to the Society have been 
representative of almost all branches of Biology, and the 
exhibition of microscopic preparations and other objects 
of interest has been well maintained at the meetings. 


By invitation of the Council, Prof. Reginald W. 
Phillips, M.A., D.Se., lectured before the Society at the 
March meeting on his recent visit to South Africa with 
the British Association. 


The Library continues to make satisfactory progress, 
and additional important exchanges have been arranged 
during the year. 


The Treasurer’s statement and balance sheet are 


appended. 


The members at present on the roll are as follows :— 


Honorary Members ».2.1..,46. ee 8 
Ordinary Members. ...y...:.7 eee T 
Assdeiate Members’ ....:¢-25¢..0 eee 3 
Student: Members... .:....4:....e Li 


SUMMARY of PROCEEDINGS at the MEETINGS. 


The first meeting of the twentieth session was held at 
the University, on Saturday, October 21st, 1905, and was 
held jointly with the Conchological Society of Great 
Britain and Ireland. 

_ The President-elect (Mr. Joseph Lomas, F.G.S.) took 

the chair in the Zoology Theatre. 

1. The Report of the Council on the Session 1904-1905 
(see “ Proceedings,’ Vol. XIX., p. viii.) was 
submitted and adopted. 

2. The Treasurer’s Balance Sheet for the Session 1904- 
1905 (see “ Proceedings,’ Vol. XIX., p. xix.) was 
submitted and approved. 

3. The following Office-bearers and Council for the 
ensuing Session were elected :—Vice-Presidents, 
Professor Herdman, D.Se., F.R.S., and Alfred 
lueicester; Hon. Treasurer, T. C. Ryley; Hon. 
Librarian, James Johnstone, B.Sc.; Hon. Secre- 
tary, Joseph A. Clubb, M.Se.; Council, H. C. 
Beasley, R. Caton, M.D., F. J. Cole, B.Sc., W. J. 
Halls, W. Hanna, M.A., M.B.. W. Haydon, J. T. 
Jenkins, D.sc., Ph.D. W. S. Laverock, M.A.., 
B.Se., R. Newstead, F.L.S., J. H. O’Connell, L.R.C.P., 
Professor Paterson, M.D., M.R.C.S., and Professor 
Sherrington, F.R.S. 

4. Prof. Herdman delivered a Lecture on the visit of the 
British Association to South Africa, illustrated by 


a series of lantern slides. 


LIVERPOOL BIOLOGICAL SOCIETY. 


The second meeting of the twentieth session was held 


at the University, on Friday, November 10th, 1905. The 
President in the chair. 


iL 


On the motion of the President, seconded by Prof. 


Herdman, it was resolved “That the hearty 
congratulations of the Society be conveyed to Prof. 
Sherrington, F.R.S., a  past-President of the 
Society, on the honour conferred by the Royal 
Society in awarding him a Royal Medal for his 
researches on the central nervous system, especially 
in relation to reflex action.”’ 


Mr. A. Adams aeninied specimens of fossil wood and 


others from Natal. 


Mr. H. C. Chadwick submitted the Annual Report on 


the work of the Liverpool Marine Biology Com- 
mittee and the Port Erin Biological Station (see 
“Transactions,” p. 5). 


The third meeting of the twentieth session was held 


at the University, on Friday, December 8th, 1905. The 


President in the chair. 


LS 


Mr. Joseph Lomas, F.G.S., delivered the Presidential 


Address, entitled “The work of Organisms 
in the making and unmaking of Rocks” (see 
“ Transactions,’ p. 1). A vote of thanks was 
proposed by Mr. Alfred Leicester, seconded by 
Prof. Herdman, and carried with acclamation. 


SUMMARY OF PROCEEDINGS AT MEETINGS. Xl. 


The fourth meeting of the twentieth session was held 
at the University, on Friday, January 12th, 1906. The 


President in the chair. 


1. On the motion of the President, the congratulations 
of the Society were conveyed to Mr. H. C. Beasley, 
a past-President of the Society, on the honour 
conferred upon him by the Geological Society of 
London, in the award of the Barlow Jamieson 
Fund. 


2. Dr. J. H. O’Connell exhibited and described a 
collection of sea-anemones and a British coral 
(Caryophyllia), which he had living in artificial 
sea-water. 


3. Prof. Herdman and Mr. J. Johnstone submitted the 
Annual Report of the investigations carried on 
during 1905, in connection with the Lancashire 
Sea Fisheries Committee (see “ Transactions,” 


p. 145). 


The fifth meeting of the twentieth session was held at 
the University, on Friday, February 9th, 1906. The 
Vice-President (Prof. Herdman) in the chair. 


1. Miss L. R. Thornely communicated a note on a new 
Hydroid, found living on Palinurus vulgaris in the 
tanks of the Port Erin Aquarium. 


2%. Mr. W. Dakin, B.Sc., gave a paper on the formation 
of Coral Atolls, in which the various theories were 
discussed and the data supplied by recent investi- 
gations at Funa-futi were reviewed. 


X1l. LIVERPOOL BIOLOGICAL SOCIETY. 


The sixth meeting of the twentieth session was held 
at the University, on Friday, March 9th, 1906. The 
President in the chair. 

1. Prof. Reginald W. Phillips, M.A., D.Sc., University 
College of North Wales, gave a lecture entitled 
“A Botanist’s Glimpse of South Africa.” A most 
interesting description was given of the lecturer's 
recent tour in connection with the visit of the 
British Association, and many interesting features 
in relation to the South African Flora were 
graphically laid before the meeting. A vote of 
thanks, proposed by Mr. A. Leicester, seconded 
by Mr. William 8S. Laverock, was carried with 
acclamation. 


The seventh meeting of the twentieth session was held 
at the University, on Friday, May llth, 1906. The 
President in the chair. 

1. Mr. H. C. Beasley gave a note on the recent footprint 
exposures at Storeton Quarry. 

2. Mr. Robert Newstead, F.L.S., F.Z.S., communicated 
a paper, illustrated by lantern slides and specimens, 
on the * Bionomics of some pathogenic Flies and 


Ticks.” 


The eighth meeting of the twentieth session was the 
Annual Field Meeting held at Hulbre Island, on 
Saturday, June 9th, in conjunction with the Manchester 
University Biological Society. At the short business 
meeting held after tea, on the motion of Mr. Joseph 
Lomas from the chair, seconded by Mr. Alfred Leicester, 
Prof. Herdman, F.R.S., was unanimously elected 
President for the ensuing session. An L.M.B.C. Memoir 
by Mr. Imms, M.Sce., B.Sc., on ‘ Anurida”’ was laid on 
the table (see ‘‘ Transactions,’ p. 358). 
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THE WORK OF ORGANISMS IN THE MAKING 
AND UNMAKING OF ROCKS. 


By JOSEPH LOMAS, F.G.S., Presipent. 


I must first congratulate the Society and Professor 
Herdman on the completion of the New Zoology 
Buildings. 

We are now adequately, nay, sumptuously housed, 
increased facilities are within reach of our members, and 
I venture to express a hope that full advantage will be 
taken of the hbrary and collections, so conveniently 
placed at our disposal. 

With these privileges I look with confidence to an 
expansion of our Society both in numbers and in 
usefulness. 

The Science we are banded together to promote has 
points of contact with many other branches of study, and 
perhaps with Geology the association is closest of all. 

In Paleontology we obviously have a connecting 
link, or rather, I ought to say, a territory common to 
both. 

But it is not only in the study of ancient forms of life 
that they come together, for the Geologist has constantly 
to face problems which can only be solved by a knowledge 
of the activities of existing forms. 

As Biologists our theme is the organism complete 
with all the functions of hfe. This embraces not only 
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what it 7s but what it does. To label, classify and 
describe is only the mechanical part of our work. Beyond 
this we have the living thing itself, its actions and its 
influences on the world’s life and the world itself. 
Tennyson’s familiar lines may be used to illustrate my . 
meaning :— 


‘* Flower in the crannied wall 
I pluck you out of the crannies, 
Hold you here, root and all, in my hand, 
Little flower, but if I could understand 
What you are, root and all, and all in all 
I should know what God and man is.”’ 


T am tempted to ask: Would not the flower tell its 
story better and more completely if left in the cranny and 
not held, ‘root and all,” in the hand? In one ease it 
takes its place in the great Earth’s life, in the other only 
its form remains, and scarcely that. 

The work of organisms is a wide subject, and one 
which I do not feel myself competent to deal with in its 
entirety. I will take then one small part and try to show 
the part which animals and plants play in the making 
and unmaking of the rocks forming the Earth’s crust. 
They are not the only agents which produce changes in 
the Earth’s crust, but share their labours with rain, wind, 
frost, stream, sea, and other agents. 

The effects produced by all these means are very 
much alike, and follow the same stages. 

lirst we get the breaking up of rock masses, then the 
transport of the disintegrated material, and its deposition 
to form new rocks. Subsequent to deposition changes 
may be brought about by the same agents. There is yet 
another way in which organisms may affect the Earth’s 
crust, and this is the protection afforded by animals and 
plants against disintegrating forces, 
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We may divide the work of organisms into two 
classes, passive and active. 

In the former they are controlled by external 
influences, and as the effects are not important I shall but 
briefly refer to them. In their active capacity the work 
accomplished is the direct result of the hving forces with 
which they are endowed. 

In both cases it will be convenient to refer to the 
results achieved under the heads just mentioned— 
Disintegration, Transport, Accumulation, Protection, and 
the changes brought about after Deposition. 


l. As Passtve AGENTS. 


In the gorse-covered slopes at West Kirby we meet 
with rocks channelled and grooved on their vertical faces. 
The grooves are two or three inches wide and equally 
deep. On a windy day the gorse growing near the rocks 
sways with the wind, and by constant rubbing excavates 
the groove. On soft, loose-textured rocks the wearing 
takes place very rapidly. Probably the ordinary agents 
of weathering would take hundreds of years to crumble 
away the rock as much as the gorse does in a Tew seasons. 
On sand dunes rootlets and grasses swept by the wind 
may produce similar effects. Wind, too, may uproot 
trees, which in falling break up the soil and stones 
entangled in the roots. 

Moving water, in carrying sea weeds and loose 
organisms over a stretch of sand or mud, scores and 
excavates, leaving hollows to be filled in by the next tide 
or by blown sand. These features are found in the fossil 
condition, and were the subject of much controversy until 
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Nathorst* helped us to a proper understanding by simu- 
lating the same appearances by experiments. Although 
the passive effects in disintegration may be important in 
some places, the conditions are of limited occurrence and 
the net results are not very great. | 
The same may be said of passive effects in the 
transport of material, but what is lacking in quantity is 
made up in interest. 
Boulders of granite and other rocks are sometimes 
found in chalk and similar rocks formed in the sea at 
some distance from the land. It has been suggested that 
they have been carried in the stomachs of reptiles, whose 
bodies have floated out to sea and have been entombed in 
the ooze on the ocean floor. These stones have been found 
in association with reptilian remains, and in such a 
position as makes it probable that the creature has first 
swallowed the stones and then- carried them out in the 
manner described. At the mouths of rivers, especially 
after heavy floods, floating trees may often be noticed 
carrying soil and stones gripped by the roots. 
Perhaps it is in the preservation of rocks and the 
protection from disintegrating agents that plants and 
animals are most effective in their passive capacity. 
The dense forests of Fucus, Laminaria and other sea 
weeds, encrusting forms such as Barnacles, Nullipores, 
&e., exert a great effect on the shores where they are 
found. The force of the waves is broken before the rock 
is reached, and consequently little or no abrasion can take 
place. The importance of this was pointed out by Prof. 
Herdman many years ago. tT 
* Nathorst, ‘‘ Nouvelles observations sur des traces d’animaux et 
autres phénoménes d'origine purement mécanique décrits comme 
‘algues fossiles.’’? Kongl. Svensk Vetenskaps-Akad. Hand. Vol. XXI. 
No. 14, Stockholi, 1886. 

+ Herdman, Proc. Liverpool Geol. Soc., 1884-5, p. 46. 
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On land we find that grass and trees prevent the 
mechanical removal of soil, and starr grass is planted on 
dunes to stop the onward march of sand. Mosses and 
lichens, by lessening the radiation from the rocks they 
cover, are also agents in preservation. In our own 
country we can scarcely realise how rocks may be broken 
up by being subject to extremes of heat and cold. In the 
tropics, however, the sun’s heat and its withdrawal are 
most important factors, and any covering which tends to 
preserve an equable temperature renders the sun’s rays 
less powerful as an agent of change. 


ORGANISMS IN THEIR ACTIVE CAPACITY. 


Turning now to organisms as active agents, let us 
first consider their work in the unmaking of rocks. 

Some have the power of excavating crypts or 
burrowing in search of food or protection, others browse 
on coral or other material which affords them sustenance. 
Among excavators we have Pholas, Saxicara, Cliona, 
Worms, Limpets, Helix and other Gasteropods; Ants, 
Ant Bears, Puffins, Moles, Rabbits and Man. Among 
plants we have parasitic Alge, Mosses and Lichens, the 
roots of trees and Bacteria. Among browsing animals I 
may mention Holothuria, Starfish and Fish. 

In traversing the deserts of South Africa we occa- 
in which 


>) 


sionally come across shallow hollows or “ vleis’ 
water may be found in the time of rain, and sometimes 
through the dry season. They are frequently half a mile 
or more in diameter. What has excavated them? 
Passarge* has suggested that they are due to the animals 
which come there to drink. <A curious calculation as to 
how many beasts visit the place in a certain time, the 


* Passarge, Die Kalahari, Nature, vol. 71, p. 481. 
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amount of mud they imbibe with the water they drink, 
and the quantity they carry away on their skins gives 
rather startling results, and no doubt they are widened 
and deepened, if not originated, by these means. In the 
decay of organic deposits Bacteria play a very important 
part, and quite recently it has been suggested that they 
have much to do with the breaking up of inorganic rocks. 

Man’s work as a destroyer can be easily overstated. 
It is true he ploughs the ground and prepares the soil for 
floods to carry it away, he removes mountains and honey- 
combs the land in search of minerals, but compared with 
the more widespread influences of smaller forces his 
efforts are but feeble. 

In Transport or Carrying, organic forces cannot take 
rank with stream, wind, sea and other natural agents. 
Still the investigations of Darwin show how great is the — 
work of earthworms in removing soil from one place to 
another. The common Lugworm on our sandy shores 
cannot be less effective. On the veldt of South Africa the 
ant has raised myriads of mounds of earth each particle 
of which has been brought from below the surface and_ 
piled into heaps three, four, 20 or even 30 feet high. 

Man too builds his pyramids, his aqueducts, his 
cities, and carries coal, salt and other rocks even across 
the seas. 

We have seen that in Disintegration and Transport 
organic forces cannot hold their own with other natural 
forces, but when we come to Accumulation they exceed 
all others both in interest and importance. This is 
mainly accomplished by the secretion of certain materials 
which serve for protection or support during Ife, and 
when the organism dies such parts as are stable in com- 
position remain to form deposits. The principal 
substances formed in this way are Carbonate of Lime, 
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Phosphate of Lime, Glauconite, Silica, Red Clay, Ferru- 
ginous and Carbonaceous material. Some of these, such 
as Glauconite and Red Clay, are not secreted directly in 
the form in which we find them, but are the products of 
changes which the secretions have undergone. 

Carbonate of Lime is the most important of all the 
materials excreted, and the “me habit” may be found 
in every branch of the animal kingdom, as well as in 
many plants. 

Marine Alge (Nullipores, Halimeda, Cymopoha, &c.) 
are important reef builders, while on land limestones are 
found composed largely of Chara. 

Even in hot springs such as those of Iceland, the 
Yellowstone Park, Carlsbad, the Azores, &c., it has been 
found that vegetable life exists, and the travertine and 
tufa formed in connection with these springs is now attri- 
buted to the action of bacteria, algze and other lowly plants. 

In Foraminifera, Sponges, Corals, Spirorbis, Poly-| 
zoa, Hstheria, Barnacles, Brachiopods, Lamellibranchs, 
Gasteropods, Pteropods, Cephalopods, Echinoderms, all lime- 
forming animals, we have nearly all of the great divisions of 
the Invertebrata represented, and most vertebrates have 
carbonate and phosphate of hme in their bony tissues. It 
would be too long a task to describe the characteristics 
and extent of the vast deposits of ooze, chalk, limestone, 
coral reefs, bone beds, &c., formed by these means, and 
our object is to discuss the question how the organism 
works rather than what 1s produced. 

Silica is secreted principally by Diatoms and Radio- 
laria, and siliceous oozes formed of these lowly plants and 
animals cover great areas of the ocean floor. Sponges and 
other groups have siliceous spicules in their tissues, and 
these are the main factors in the production of Flint and 


Chert, 
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Diatoms and perhaps Bacteria are the means of 
producing various ferruginous deposits, such as bog iron 
ore and laterite; and plants, principally Mosses, Ferns 
and Lycopods, have accumulated stores of peat and coal. 
Petroleum and Klaterite we may regard as the product of 
the animal and vegetable tissues entombed in the rocks. 

In dealing with the manner in which certain 
materials are secreted by organisms there are one or two 
general considerations which may assist us towards sound 
conclusions. 

It has been commented upon on many occasions* that 
the composition of ocean water in the earliest period of 
the Earth’s history must have been very different from 
the present time. It was probably very poor in lime salts, 
as the thickness of limestone deposits, compared with the 
sedimentary rocks of a different composition, is very 
small. E 

When we review the various geological periods, from 
the oldest formations to those now being laid down, it is 
evident that there has been a progressive increase in the 
extent and thickness of calcareous deposits, and probably 
at no time in the Earth’s history has the amount been 
equal to that now in course of formation. 

We may regard the water of the primeval ocean, in 
the main, as the result of the condensation of water 
formerly existing as vapour in the atmosphere. It would 
thus be fairly pure, and the impurities now found in it 
have come from the land by the agency of rivers. 

But when we contrast the composition of river water 
with that of sea water, very striking differences are at 
once noticed in the proportions of the various salts in 

** Lomas, Proc. L’pool Geol. Soc., 1898-9, p. 321. Macallum, 


Trans. Canadian Inst., Vol. VII., 1902-3, p. 545, Forchhammer, 
Brit, Assoc. Rep., 1844, p. 153, 
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solution. In river water, calcium salts always greatly 
exceed sodium salts, whereas in the sea, sodium pre- 
ponderates over calcium. Other elements, too, show 
discrepancies, but not in so marked a degree as those 
quoted. 

The composition of sea water depends on two factors 
—(1) the action of water in dissolving out and carrying 
material from the land to the sea, and (2) the action of 


certain agents in removing some of these substances out 


of solution. 

It is owing to the fact that some salts are 
precipitated out of solution and others are not that the 
discrepancies occur. 

The relative proportions of the elements in the ocean, 
therefore, have always been changing. Some have 
increased and others have remained stationary or almost so.* 
This is almost exclusively the work of organisms. How they 
accomplish this is our next query; but before attempting 
to answer it let me remind you of an observation made 
during the course of one of the excursions of this Society 
to Widnes some years ago. We found the great heaps of 
chemical waste supporting a very scanty flora, only 
hardy and adaptable forms could exist on so inhospitable 
a soil. The Moss Polytrichum was seen to assume a fleshy 
habit, and its stem when pressed by the fingers was found 
to be hard and prickly. I collected some of these speci- 
mens, and found crystals in the tissues, which, on analysis 
by Mr. Rhodes, proved to be selenite. The plant has no 
selective power in absorbing water from the ground, and 
here it was compelled to take up water charged with large 
quantities of sulphuric acid and salts of lime. 

*The Paleochemistry of the Ocean has been dealt with in an 


exhaustive manner by Professor Macallum (Trans. Canad. Inst., 
Vol, VII., p. 535), and I need not further discuss the question. 
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The cells of which the plant is made up, however, do 
exercise a selective action in retaining what the plant 
requires and in excreting what is not wanted. ‘The inter- 
action of these substances results in the formation of an 
inert substance which does not interfere with the general 
functions of life. Many other plants form crystals of 
calcium oxalate, calcium carbonate and other substances 
in their tissues, and thus get rid of materials which, if 
retained, would be harmful. 

Now to return to our original question. The animals 
and plants inhabiting the early seas found themselves 
adapted to surroundings which favoured their growth. If 
the surroundings change they must either adapt them- 
selves to the altered circumstances or contrive by some 
means to remove those substances which would be 
injurious, thus retaining conditions which suit them. 

In this way we may assume that lime and other 
substances were excreted or precipitated. 

Murray and Irvine* lead us a step further. They 
show that not only the carbonate of lime which enters the 
sea may be precipitated, but other salts of lime, such as 
the chloride, nitrate, sulphate and phosphate, may be 
changed and thrown down as carbonate. This is brought 
about by the action of the carbonate of ammonia formed 
from the urea secreted by the organism. 

In this way minute crystals of carbonate of lime may 
be produced which may be rained down to the bottom of 
the sea, or they may be retained in the tissues of the 
organisms either as separate spicules or a number of 
spicules fused together to form a continuous shell or 
covering. 

We are still wanting information as to the deter- 
mining causes which produce the carbonate of lime in its 

** Proc. Roy. Soc, Edin., Vol. XVIIT., 1889-90. 
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two forms, calcite and aragonite. Some shells and tests 
are composed exclusively of the former, others of the 
latter, and some show both in the same shell either in 
layers or in a more intimate admixture. 

The elementary laws of evolution would lead us to 
expect that some forms would find the spicules or shells of 
advantage for support or protection against enemies, and 
the “habit” would become essential for the continuance 
of the species. 

Applying the principle generally to organisms which 
secrete lime, silica, iron or other substances out of 
solution in water, whether in fresh or salt water, we find 
that unicellular organisms such as Foraminifera, Radio- 
laria and Diatoms form tests or coverings following 
roughly the outlines of the cell. In Sponges we find 
spicules of lime or silica, providing support or protection 
by means of skeletal and dermal spicules. Some Corals, 
Kchinoderms and Polyzoa have spicules, while others 
secrete a continuous. covering round the polype. Molluscs 
advance a stage further and set apart portions of the 
mantle or other organ to secrete shells, and in higher 

forms we may look upon the ossification of the notochord 
and other structures as the result of similar processes. 

After the work of deposition has been completed 
organisms may still exert a further influence in cementing 
the loose material into a compact rock. In this their 
action is not confined to organic deposits, but loose detrital ” 
matter, such as sand and fragmentary particles, may be 
taken and used to form a covering. Thus Sabellaria, our 
only British reef-forming animal, forms reefs round our 
coasts. In Central France the ancient fresh-water lake of 
Limagne is largely filled up by a limestone formed of shell 
fragments and other loose pieces cemented by Phryganea. 
Ant hills too are composed of grains agglutinated by secre- 
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tions from the animal. It is to the action of Nullipores and 
Polyzoa that we owe the great banks of calcrete fringing the 
shores of Africa, India and Ceylon, and extending over 
thousands of square miles. The cementation of loose 
grains into hard rock contemporaneous with their deposi- 
tion is a matter of great interest, and many geological 
puzzles can only be solved on this hypothesis. 

In this brief outline of the work done by organisms in 
the making and unmaking of rocks, I have only been 
able, in the limits of the address, to touch hghtly on many 
points of great interest which are worthy of fuller treat- 
ment. In preparing this address I have been more 
impressed with the vastness of what we do not know than 
with the little that has been gleaned. 

Our Society offers unique opportunities for the prose- 
cution of research along these untrodden paths. Let us 
find the paths and walk in them worthily. 
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MARINE BIOLOGICAL STATION AT PORT ERIN, 


BEING THE 


NINETEENTH ANNUAL REPORT 


OF THE 


LIVERPOOL MARINE BIOLOGY COMMITTEE. 


On account of my absence in South Africa during a 
considerable portion of the summer, Mr. Chadwick had 
entire charge of L.M.B.C. affairs at the Biological Station 
in the long vacation, and, consequently, has had more 
part than usual in the preparation of this Annual Report. 
The sections entitled “The Station Record” and ‘“ The 
Aquarium ” are practically his work, and, as a result of 
this arrangement, the usual “Curator’s Report” is 
omitted on the present occasion. 

On the completion of the new buildings for Zoology 
in the University of Liverpool, certain additions were 
made to the staff of the department, and amongst these 
appointments was that of our Curator, Mr. Chadwick, as 
Honorary Lecturer in Marine Biology. This igs a 
welcome recognition of the close connection between the 
Biological Station and the University Laboratory, and of 
the services which Mr. Chadwick has rendered to the 
Liverpool students and to biological education in general. 
There are no obligations to teach in Liverpool connected 
with the appointment except such assistance as Mr. 
Chadwick may find he can give from time to time without 
in any way interfering with his duties at Port Erin. I 
have to thank Mr. Chadwick for a few days’ very efficient 
help in preparing the Museum of the Zoological depart- 
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ment for the formal inauguration by the Earl of Onslow, 
on November 18th. A short account of the new buildings 
and of the opening ceremony will be found further on in 
this report. 

The continued success of the Aquarium, and the 
marked increase in the number of visitors, 1s most 
gratifying. An institution where over thirteen thousand 
summer visitors are shown a number of the most 
interesting of our common sea-side animals and plants, in a 
living condition amidst natural surroundings, with labels, 
pictures and other information, must, surely, be doing 
something to encourage nature-study and to foster an 
appreciation of biology. The first edition of the “ Guide 
to the Aquarium,” which was drawn up in 1901, and has 
had an increasing sale (at 3d.) each year since, was 
exhausted during this summer. Mr. Chadwick and I 
have, therefore, prepared an enlarged and revised edition, 
with several additional illustrations, which will be printed 
as an Appendix to this Report, so that our subscribers may 
be the first to have this new “Guide” in their hands; and 
it will thereafter be on sale, as a booklet of about 80 pages 
and over 40 illustrations, to the visitors at the Biological 
Station. Copies, at 3d. each (post free 4d.), can always 
be obtained by writing to Mr. Chadwick, at Port Erin. 


Tur Station REcorpD. 


About twenty naturalists and students have occupied 
our Laboratories for periods of from one to four weeks 
each during the year, as follows :— 

DATE. NAME. Work. 


Dec. 27th, 1904 
to Prok, HOtOTARD sry ssessrcse-veesssaeses os Official. 
Jan. 9th, 1905 
January 4th maf 
to Mr. P. M. C. Kermode ................Antiquities, 
January 7th 
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DATE. NAME. WORK. 
February 18th 
to lerot. PTELGIIVA I a nites omaaaoon ss cles sanrgas Official. 
February 21st) 
ee? ist ) Mr. B. Standing, we 
to ie Asa eeneat Echinoderma. 
April 1th) eeds, University J 
April ae 
Mr. W. J. Dakin, L’pool Univ....... General. 
ee 22nd 
April a. ) 
PELOien PICTON ANG, «oc v>vsecdvas'sseceeseessc Tunicata. 
April 29th) 
April 15 i 
Mr. Me Gath vas aaiia vt densa soesnac toys te General. 
ie al 24th 
April 15th 
to \ ate. EP BONING) cote net owes ene Ae eaai> te Shell-structure. 
April 24th 
April 15th Be E Ry oore: ) 
to Dr eGat scl... ) L’pool Univ. . eg. Bio-Chemistry. 
April 29th| Mr. i Whitley, ei Oetor | 
April 15th 
to -Mr.J. A. Dell, B.Sc., Leeds Univ... Mollusca. 
April 29th 
April 20th 
to pico W. J. Halls, Liverpool .......:. General. 
April 25th 
April 24th 
to FEMS VV). EL COMMA IN 5.0 acieaneacnie¥e ote o> Marine Alge. 
April 26th) 
May 6th 
to gi Oie UOT OMMAN , teisie sitainsniclep svineviis yout Official. 
May sth) 
June 9th 
to EA Oban cingyiiny o 22 shi Yoresacehosiee as xes Official. 
June 12th| 
July 6th ‘ 
to | Mtr. BR. oe oe Waiseneit | Hydroida, &c. 
August 9th | eae yy) 
July 10th 
to rae HMCVOIMAN ..0 220400060 s00eaeee se Otieral 
July 14th) 


July 22nd ) 
to Har EVEN AVL IAE site ore varsciiaiactate Oioteistare nica Official. 
July 27th 


July 15th 
to 


| Mr. W. J. Dakin, B.Sc., I Gener 
+ eneral. 
August 12th) 


Liverpool University } 


WZ 
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DATE. NAME. Work. 
Miss W. Herdman 
Juby 31st | Miss Chesher ...... ro pee 
to + Mr. W. Chesher ... poo! +++ | Nature Study class. 
August 5th | Mr. T. H. Allen ae 
lan. He aaaeeese. eee Santon: ...s.<d 
August 3rd (Miss M. F. G. Lister... 
to 4 Miss N. Dudley ......... | Leeds | General. 


August 17th | Mr. KE. E. Unwin, B.Sc. ) Darien 

August 21st 
to Miss KE. Farmer, Liverpool Univ....General. 

August 28th 

In addition, Mr. Robert Okell, F'.L.S., Secretary to 
the Manx Fishery Board, paid frequent official visits to 
the Biological Station. 

The “Tables”? in the laboratory were occupied as 
follows :— 


Liverpool University Table :— 


Professor Herdman. Mr. E. Whitley, B.A. 

Professor Moore. Mr. W. J. Dakin, B.Se. 

Dr. Roaf. Mr. W. Gunn. 

Miss Winifred Herdman. Miss EK. Farmer. 
Liwerpool Marine Biology Committee Table :— 

Mr. W. J. Halls. Mr. J. Lomas. 


Manchester University Table ;— 
Mr. F. H. Graveley. 
Isle of Man Natural History Society Table ;— 
Mr. P. M. C. Kermode. Mr. R. Okell. 


Vacant Tables ;— 


Miss M. F. G. Lister. Mr. E, Standing, B.Sc, 
Miss N. Dudley. Mr. J. A. Dell, B.Sc. 
Mr. E. E. Unwin, B.Sc. 

The Nature Study Class was successfully conducted 
during August in the Junior Laboratory by Mr. W. J. 
Dakin. This branch of our work will probably demand 
increased attention in the near future. It has recently 
been officially discussed by the members of the Insular 
Branch of the National Union of Teachers, who passed a 
resolution expressing sympathy with it, and a desire to 
participate in its benefits. On a recent morning, the 
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Mistress of the local Girls’ school brought over 50 of her 
elder pupils to the Station. In a short and simply-worded 
address, the Curator explained to them the meaning of the 
word “ Biology,” the objects for which the Station was 
established, and, before conducting them round the 
Aquarium tanks, the leading facts relating to the structure 
of fishes. 

Faunistic work has been carried on throughout the 
year by the staff, and by all the students who have visited 
the Station. Mr. F. H. Graveley, of the University of 
Manchester, made an interesting addition to the littoral 
fauna of Port Erin Bay by the discovery of a large 
specimen of the Nudibranch Tritonia hombergr on the 
breakwater. He also re-discovered the habitat of the 
Lucernarian Depastrum cyathiforme, originally discovered 
by Mr. W. I. Beaumont in 1892, and for which we have 
vainly sought on many occasions. It is, apparently, a 
very small area, amidst boulders on which various Fuci 
grow luxuriantly, immediately opposite the Station. Mr. 
Graveley also collected a quantity of the floating spawn 
of the Angler-fish, Lophius piscatorius, and was able to 
make some interesting observations with reference to the 
stage of development of the larva at the time of lberation 
from the jelly-like matrix in which the eggs are imbedded. 
Amongst a number of anemones obtained from the long 
lines of the local fishermen during the prosecution of the 
winter cod fishery, single specimens of two species new to 


‘our fauna have been detected. These are Bolocera eques 


and Auwreliana augusta. The first named differs from the 
type in the number of tentacles forming the two inner 
circlets, and in the absence of a broad, scarlet ring 
around the middle of all the tentacles. Both specimens 
are still in vigorous health in one of our table tanks. 
Early in the forenoon of January 22nd, a somewhat rare 
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visitor to Manx waters was observed in the shape of a 
grey seal, which swam for some time around the foot of 
the life-boat slip. The plankton fauna will probably be 
dealt with later by Mr. A. Scott, to whom the tow- 
nettings have been sent at intervals throughout the year. 
The first eggs of plaice were observed in our 
spawning-pond on February 14th, seventeen days earlier 
than the appearance of the first eggs in the season of 1903. 
During the twelve weeks which elapsed between that date 
and May 13th, five millions of young fry were set free in 
the sea by the Assistant Curator, at various points from 
three to five miles from Port Erin. The numbers of 
larve in this manner set free during the season were as 


follows :— 

March 3 14,000 | April 20 548,000 
veoeai | 72,000) ~ ees 392,000 
Yai Bo a) BRAO0 eee 346,000 
toast 7s | SEDO ties 325,000 
ees 79,000 | May 4 279,000 
» 30 285:000-1) ys) 106,500 

April 1 254 S0ONN asp Pas 96,000 
a ik 661:,000°| > 10 241,500 
mi LO 40.0004 3.4 de 33,500 
5 Al 224.000] , 14 92,000 
ee 415,000 
gate 240,000 Total ... 5,096,500 
els 296,000 


More careful observation than was possible during our 
first hatching season showed that the percentage of 
unfertilised eggs which appeared daily on the surface of 
the pond was largest at the beginning and at the end of 
the season. The range was from about 40 per cent. of the 


earliest and latest collections of eggs to about 7 per cent. 
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during the latter part of March. The behaviour of these 
unfertilized eggs is puzzling, and requires further 
observation. It is known that they will float at the surface 
of the water for a week, and many were found so floating 
in our pond every time the skimming net was used. But, 
even when transferred from the net to a glass dish by 
means of a jar dipped into the water included in the net, 
they invariably sank to the bottom of the dish when 
placed therein, and the same change occurred, though 
more gradually, when they were subjected to the 
circulation and agitation of the hatching boxes. The 
extent to which the eggs of marine fishes escape 
fertilisation in nature is a question that has been 
frequently discussed, and it was with no little interest 
that we found that a tow-netting taken in the open sea by 
the Assistant Curator in April last contained a large 
number of undoubtedly unfertilised eggs, probably those 
of the common dab. 

Frequent observation showed that the buoyancy of the 
fertilised eggs increases as the development of the larva 
proceeds, and at what might be called the middle period 
of embryonic development there is a marked tendency on 
the part of the eggs to congregate in masses at the surface 
of the water in the hatching boxes. 

After the liberation of the last batch of young fry, 
the spawning-pond was drained, and the fish therein 
examined. With one exception, all the adult females 
were found completely spent, but the most interesting 
discovery was that of a large number of young fish which 
had been hatched during the season of 1904. Nearly a 
hundred of these were caught, and 32 taken at random 
were found, on measurement, to range from 24 inches 
to 52 inches, the average length being 4:4 inches. 

The difficulty of obtaining an adequate supply of 
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‘“berried ” lobsters with the eggs nearly ripe has been so 
great this year that no lobster culture worthy of note 
could be undertaken. Our experience, confirmed by that 
of Mr. Scott, at Piel, and the scientific staff of the Scottish 
Fishery Board at Aberdeen, is that confinement in tanks 
causes the lobsters to shed their eggs, and that from nearly 
ripe eggs only can the culturist hope for success. Our 
local fishermen practically cease fishing during the 
summer months, and an attempt to import berried females 
from the Welsh coast was a complete failure. Two were 
obtained locally, and for several weeks during August and 
the early part of September young larve in various stages 
of development attracted a large amount of attention on 
the part of the visitors to the Aquarium. 

As was the case during the hatching season of 1904, 
our spawning-pond proved a death trap to myriads of 
insects, especially Diptera and Coleoptera, which seriously 
hampered the work of egg collecting. Over 30 species of 
Coleoptera were identified by Dr. Harold Bailey, of Port 
Erin, who has kindly supplied the following list : — 


CoLEOPTERA FROM SURFACE OF SPAWNING Ponp, 
Aprit, 1905. 


CARABIDA. Cercion unipunctatus, L. 
Notiophilus substriatus, ‘5 littoralis, Gyll. 
Wat. m hemorrhoidalis, 
Calathus melanocephalus, | F. 
. STAPHYLINIDZ. 

Loricera pulcornis, F. Ocypus morio, Gr. 
HypropriLip®. ' Tachinus subterraneus, L. 
Helophorus aquaticus, L. | »,  rufipes, De G. 

e s Jha] - - yf. 
* brevipalpis, Philonthus politus, F. 
Bedel. Oxytelus rugosus F. 
Cercion melanocephalus, tetracarinatus 
9) b 


Block. 
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Mycetoporus longulus, Micrambe vini, Pz. 


Man. Micropeplus margarite, 
Aleochara lanuginosa,Gr. Duy. 
STAPHYLINID A. SCARABZSID AG. 
Quedius tristis, Gr. Aphodius fimetarius, L. 


Tachyporus hypnorum, ¥. Sh | 
' CHRYSOMELID&. 
Xantholinus punctulatus, 
Psylliodes cwprea, Koch. 


Megarthrus depressus, Pk. 


= ae TENEBRIONIDA. 
omavuum leviusculum 
Helops striatus, Foure. 
Gyll. 
” caesum, Gr. CURCULIONID. 
CLAVICORNIA. Ceuthorhynchus contrac- 
Silpha atrata, var. sub- tus, Marsh. 
rotundata, Steph. Alophus triguttatus, F. 


Dr. Bailey adds further:—“ All the above are 
representatives of species which I had previously met with 
in the neighbourhood of Port Erin. In my opinion, the 
majority, if not all the species, were deposited on the 
surface of the pond by the agency of wind currents, being 
caught up and carried from the adjacent land. Several 
must have reached the pond in this manner, as they are 
wingless, or have the wings so aborted as not to be used for 


flight.” 


Tor AQUARIUM. 


The gratifying success of the Aquarium recorded in 
the Reports for 1903 and 1904 has been greatly enhanced 
this year. ‘The wall tanks are now thoroughly and 
permanently established, as is shown not only by the very 
low rate of mortality amongst the inhabitants thereof, but 
by the settlement and vigorous growth upon the glass 
fronts and concrete walls of various invertebrates, the 
larvee of which have passed from the sea through the 
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circulation pipes. The tubicolous worms Spzrorbis and 
Serpula are found in every tank, the delicate little 
Filigrana is represented by large and vigorous colonies, 
Sabella has built its tube of mud and expanded its 
beautiful crown of tentacles in various shady corners, and 
colonies of encrusting Polyzoa attain quite a large size. 
An incursion of the Nudibranch Dendronotus arborescens 
occurred during the latter half of June. Small specimens, 
ranging from 2 of an inch to 1 inch in length, 
appeared in three of the wall tanks day after day. This 
species is not common in Manx waters, indeed, Prof. 
Herdman’s record of its occurrence off Port St. Mary, in 
vol. I. of the “ Fauna of Liverpool Bay,” seems to be the 
only previous one. The occurrence of a full-grown 
specimen, which still thrives in one of the table tanks, on 
the submerged bottom of the harbour buoy, is, therefore, 
worthy of note. Of the cluster of Sabella pavonia found 
two years ago on the buoy, only one individual now 
survives, but it is still adding to the length of its tube, 
and appears to be in the prime of life. Our stock of 
anemones undergoes little change from year to year, 
except by the addition of a few choice specimens from the 
fishing grounds, and which, it may be noted, are as 
healthy in six inches depth of water as they were in twice 
as many fathoms. 

Mr. F. H. Graveley, of Manchester University, 
found a specimen of the Nudibranch T'ritonia hombergi, 
four inches long, on one of the blocks of the breakwater 
one evening in July, and placed it in one of the table 
tanks, in which some large specimens of Tealia 
crasstcornis have flourished for several years. Other 
Nudibranchs, especially Archidoris tuberculata, had lived 
for months in the same tank, and for some days the 
Tritonia crawled about and expanded its beautiful cerata 
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to our complete satisfaction. But one morning we found 
it missing, and, in searching for it, attention was soon 
centred upon the largest Tealza, which had swollen to 
nearly twice its normal size. Closer inspection revealed 
the whereabouts of our Nudibranch. It was still 
recognisable through the semi-transparent tissues of the 
Actinian, and the next day the indigestible remnants of 
the truly aldermanic meal were expelled from the widely- 
expanded mouth. Such an effort in practical dietetics 
was, however, too much, even for a big T’ealia. Two days 
later 1t paid the bill with its life, and lay limp, and with 
all its mesenteries exposed, at the bottom of the tank. 

Karly one morning in May last the Curator was 
fortunate enough to make an interesting observation on 
the lug-worm, Arenicola marina. A handful of these 
worms had been given to our congers the previous evening, 
and, on approaching the tank, he was surprised to find 
one which had escaped the attentions of the fish making 
its way slowly towards the surface of the water, which is 
there four feet deep. Such an occurrence seemed to be 
anusual, so the worm was watched closely. It was one 
foot from the bottom of the tank when first seen, and by 
strong and frequent flexion of the body on either side of 
the median sagittal line it finally reached the surface. 
Continuing the contractions, it approached the glass front 
of the tank, and then slowly sank to the bottom, where 
further observation of that specimen was brought to an 
abrupt conclusion by one of the congers. That Arenicola 
can swim has been alternately affirmed and denied. It 
may be that the capacity is exercised but rarely, but the 
above observation clearly supports the affirmation, and 
may help to explain the appearance and disappearance of 
the species in and from particular areas. 

Two successively cast shells of the spiny lobster, 
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Palinurus vulgaris, have been secured in perfect condition 
for our Museum collection. The first is 82, imches long, 
and the second, cast twelve months afterwards, is exactly 
half an inch longer. As there is good reason to believe 
that growth is slower as age advances, it may be assumed 
that this species attains a considerable age. 

Our oldest inhabitant is a large edible crab, which 
has occupied one of our tanks for nearly four years 
without casting its shell. Two congers have shared 
another tank for nearly as long, and a number of sea- 
bream, Sparus centrodontus, a species which seems to be 
peculiarly susceptible to cold, survived the winter. The 
flat-fish tank has lost but two of its inhabitants during 
the year. 

Thirteen thousand three hundred and sixteen visitors 
paid for admission to the Aquarium during the year, an 
increase of nearly one thousand seven hundred upon 
the number admitted in 1904. This fact speaks eloquently 
for the popularity of the institution amongst the visitors 
to Port Erin, many of whom pay repeated visits during 
the summer, and watch the movements of the inhabitants 
of the tanks with the keenest interest. There has been a 
great demand for copies of the ‘ Guide to the Aquarium ” 
this season, and many of the readers ask for further 
information, which we shall endeavour to supply in the 
new edition now called for. We are indebted to one of 
our visitors, Mr. George Briddon, of Chesterfield, for six 
Manx coins, in excellent preservation, as an addition to 
the small collection of Manx antiquities exhibited in one 
of the cases of the Museum gallery. 


Faunistic Notes. 


Mr. Andrew Scott, as usual, is able to report some 
additions to the known fauna of the district, including 


ee 
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two Trematode worms and two new species of Copepoda. 
One interesting addition is Pontella lobiancor, Canu, which 
is evidently a summer visitor. Mr. Scott got three last 
year, and has found it on four or five occasions this year 
—one of the collections giving 105 specimens. JNoetiluca 
has been extremely abundant this summer, and also larval 
Crustaceans. Larval lobsters have been noted, twice 
from the Welsh coast, and once, in a late stage, from Lune 
deep. Young Squilla have been plentiful, and the 
Trachilifer stage of Jaxea. Mr. Scott also reports that, in 
regard to fish, he found that mackerel caught off Walney 
Island have their stomachs filled with Crab Zoeas and 
Megalopas—one stomach was packed with young Jazea. 
He has found the eggs of Callionymus maculatus for the 
first time, and also the post-larval stages of the Sole, the 
Brill and the Top-knot—all flat-fish. 


Recorp FIsuH. 


It may be of interest to some of our readers to know 
the largest size we have yet seen of a few common fish in 
Port Erin Bay. On November 2nd, 1905, out of five plaice 
caught in the trammel net, one measured 23 inches in 
length and 13 inches in breadth. ‘This is the largest 
plaice we have yet caught. Last year we saw a turbot 
speared within a few yards of the small boat jetty 
measuring 33 inches in length, and weighing 23 pounds. 
The largest cod we have caught this year was 37 inches 
long, and the largest common sole 17 inches. 


Bro-CHEmicaL Work. 


An important group of investigators from the Bio- 
chemical Department of the University of Liverpool, 
consisting of Professor Benjamin Moore, Dr. Roaf, and 
Mr. Edward Whitley, B.A., were at work during the 
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Easter vacation. Their object was to determine the effects 
of certain chemical agents causing a variation in the 
reaction of the medium upon the growth of organisms, 
and the phenomena of cell division, including the changes 
in the nucleus. The organism chiefly employed was the 
fertilized ege of Hehinus esculentus, but a series of 
experiments was also carried on with unhatched specimens 
of Pleuronectes platessa. 

The results have been recorded in two _ papers 
communicated on November 23rd to the Royal Society, 
which will appear in an early part of the “ Proceedings ” ; 
but the following may be given as a preliminary statement 
of the facts: —It was found that while a slight alkalinity 
of the solution in which the organisms were growing was 
favourable to growth, a larger quantity induced irregular 
divisions and nuclear changes similar to those found in 
the cells of cancerous tissues. A higher alkalinity of the. 
solution inhibited growth, as did also acids which from 
the beginning did not show any favouring influence. 


L.M.B.C. Memorrs. 


No further memoir has been issued since No. XII., 
“Gammarus,” by Miss Cussans. Several are, however, 
in preparation, and “ Anurida,’ by Mr. Imms, and 
“ Antedon,” by Mr. Chadwick, will probably be the next 


to appear. 
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THE NEW ZOOLOGICAL LABORATORIES AND 
MUSEUM AT THE UNIVERSITY 
OF LIVERPOOL. 


One of the events of the year has certainly been the 
completion, and the inauguration by the Earl of Onslow 
on November 18th, of the new Department of Zoology in 
the University of Liverpool. The Liverpool Marine 
Biology Committee has been so closely connected with 
the Zoological Department in the past, and will find such 
increased facilities for work in the new Laboratories in 
the future, that I have no hesitation in re-printing in this 
Annual Report an account of the buildings and of the 
opening ceremonies, taken from the daily papers and 
from the pamphlet prepared by the University for 
distribution on the occasion. 


History oF THE DEPARTMENT. 


“The Derby Chair of Natural History was established 
by the fifteenth Ear! of Derby in 1881—an appropriate 
gift from a descendant of the scientific founder* of the 
celebrated zoological collections once alive at Knowsley 
and now secured to Liverpool in the Derby Museum of the 
Public Galleries. The first Derby Professor was appointed 
at the end of 1881, and thus Natural History was one of 
the three or four scientific departments with which 
University College opened in January, 1882. ‘There were 
then five students. The accommodation consisted of a 
small classroom and a larger room opening from it to serve 
as combined museum and laboratory, but with at first no 
cases and only temporary tables obtained on loan from 


*The thirteenth Earl of Derby, President of the Linnean Society 
1828-1833, and subsequently President of the Zoological Society. 


C 
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Mr. Cope’s neighbouring Tobacco Works. There were 
no facilities for work, very little experience, but plenty of 
enthusiasm; and possibly as a result of this combination 
the struggling young department found strong support 
and sympathy from a remarkable group of amateur 
workers in Natural History, amongst whom may be 
mentioned the Reverend H. H. Higgins, Mr. Frank 
Archer, Mr. Isaac Thompson, Dr. Isaac Roberts and 
Dr. Sibley Hicks.t Very much as a result of this some- 
what unusual alliance between University laboratory 
work under a professor and the field-naturalist’s work of 
the serious amateur, came the formation of the Liverpool 
Marine Biology Committee in 1885 and of the Biological 
Society a year later. The work of the Liverpool Marine 
Biology Committee has been so intimately bound up with 
the Natural History Department during the last twenty 
years that, although this Committee is not strictly 
speaking a part of the University organisation, it is 
impossible to omit a brief record of its history. Established 
for the purpose of exploring the Fauna and Flora of 
Liverpool Bay and the neighbouring parts of the Irish 
Sea, it brought a number of the local field-naturalists into 
close relation with the University department and 
laboratory methods, it gave rise to dredging expeditions 
and observations and experiments at sea, which led on in 
later years to Sea-Fisheries investigations, and it resulted 
in the accumulation of collections which have proved of 
considerable interest and scientific value. The ‘“ Local” 
collection in the Museum of the new buildings has been 
almost wholly obtained through the work of the L.M.B.C. 

‘In the summer of 1885 Mr. George Holt offered to 


+The volumes of ‘The Fauna of Liverpool Bay’ and the 
‘Transactions’ of the Biological Society contain records of the work 
of these men, and others not mentioned who are, happily, still 
working with us, 
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lend a steam-tug for the first dredging expedition of the 
Committee, Sir James Poole followed soon after with a 
similar offer, and the Liverpool Salvage Association gave 
the services of one or other of their steamers on several 
occasions during the next few years. Many other 
friends of science in Liverpool, Manchester, Southport, 
Birkenhead, Chester, and the Isle of Man, have helped by 
subscribing to the funds and in other ways, and, either 
in the field or in the laboratory, over fifty of our local 
naturalists have taken part in practical work, which has 
resulted in published papers—a notable instance of 
co-operation in science. The Committee has published 
eighteen Annual Reports, five volumes on the “ Fauna 
and Flora of Liverpool Bay,” and more recently a series of 
twelve “ Memoirs” for the use of students in laboratories. 

“Probably the most important outcome of this 
exploring work has been the establishment of a Marine 
Biological Station, the only one on the west coast of 
England. Any plan by which the conveniences and exact 
methods of a laboratory can be combined with actual work 
on or close to the sea, where the animals may be examined 
alive and in their natural surroundings, is obviously a 
great advantage, and that is precisely what a Biological 
Station offers. It is a seaside laboratory where the 
observer can apply the refinements of modern apparatus 
and re-agents to the work of the field-naturalist. After 
five years’ use of an old Dock Board observatory on Puffin 
Island, off Anglesey, the Committee moved their marine 
station to Port Erin, at the south end of the Isle of Man, 
where they have now, thanks to the enlightened action 
of the Manx Government, a substantial, two-storeyed 
building, measuring ninety-five feet by forty-five feet, 
containing laboratories, an aquarium, and a fish-hatchery, 
and provided with a large, open-air, sea-water pond for 
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the spawning and rearing of fish. As to the results 
obtained from this institution (which is under the 
direction of the Derby Professor and is worked in connec- 
tion with the University department) it will suffice to 
state that during the last year thirty-six investigators 
worked in the laboratory, about five millions of young 
plaice were sent out to sea from the fish-hatchery, and 
over thirteen thousand visitors paid for admission to the 
Aquarium. 

“Tt was certainly to this marine biological work in the 
past that the Natural History department owed in the first 
instance that connection with the local sea-fisheries 
authorities which has recently developed into a formal 
agreement between the University and the “ Lancashire 
and Western Sea Fisheries Committee.” The scientific 
work of the Local Fisheries District is carried on in our 
laboratories by assistants paid by the Fisheries Committee, 
and the Professor has been appointed Honorary Director 
of the scientific work and furnishes an annual report on 
the work of the fisheries laboratories. A fair share of the 
laboratory accommodation in the new buildings will be 
devoted to the furtherance of the work of the 
Liverpool Marine Biology Committee, of the Lancashire 
and Western Sea Fisheries Committee, of Mconomic 
Entomology, and of other useful applications of Zoology. 

“The students of the department were at first Medicals 
only, but a few candidates for degrees in Science and 
others studying Zoology from a love of the subject, with 
no examination in view, soon made their appearance, and 
some from both categories have had very distinguished 
careers and are now doing good work in science in various 
parts of the world. Amongst such past students whose 
work lay mainly or wholly in this department may be 
mentioned : — 
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Mr. J. Clubb, M.Sc., Assistant Curator of the Derby 
Museum, Liverpool. 

Dr. S. R. Christophers, R.A.M.C., on special research 
service in India. 

Prof. A. J. Chalmers, M.D., Registrar and Professor 
of Physiology, Medical College, Colombo. 

Mr. Walter Tattersall, B.Sc., Naturalist to the Irish 
Fishery Department. 

Mr. Joseph Pearson, B.Sc., Demonstrator of Zoology, 
University of Liverpool (formerly Demonstrator 
of Zoology in University College, Cardiff). 

Dr. George Chaster, Southport, President of the 
Conchological Society of Great Britain. 

Dr. R. EH. Kelly, B.Sc. 

Dr. J. C. Mann, B.Sc., Medical Registrar, Royal 
Infirmary, Liverpool. 

Dr. A. R. Jackson, B.Sc. 

Miss M. Cussans, B.Sc., Lecturer in Science and 
Method of Education, University of London. 
“The students of the department in the present 

session number eighty-four, distributed as follows :— 


Furst Y ear— 


Medical, Liverpool... Bh 16 
Me London, ce. i 8 
05 Conjoint Board .... 2 
a 26 
Seience, Liverpool ... Loe 6 
uy London, &c. mae 9 
sve 15 
Veterinary ie ne det eo 30 
Dental 3 
Second Y ear— 
Science iq 
Third Y ear— 
Science cu aM a at 2 
Honours Y ear— 
Science ie Ave mM nt tl 


otal: x; nas 84 
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“In addition to these, a Natural History Class which 
meets next term usually brings from thirty to forty 
other students. 

“It has been recognised for some years that the 
accommodation in the old College buildings was quite 
inadequate to meet the wants of this Department; and 
although some extensions had been made, such as a 
wooden Fisheries Laboratory on the roof and a convenient 
little museum (given about ten years ago by the late Mr. 
George Holt), these were temporary expedients which in 
some ways only emphasised the pressing need for new 
and much larger buildings. Research work offered to the 
Department was hampered and in some cases had to be 
declined for want of room. These facts were given 
expression to in the statements of needs drawn up in 
connection with the University movement of 1901-2, and 
after the establishment of the University a sum of £18,000 
was voted to the Council by the University Committee in 
October, 1902, for the purpose of erecting and equipping 
a new department of Zoology, to contain a museum and a 
lecture theatre, the necessary students’ laboratories, and 
also accommodation for Sea Fisheries investigations and 
other lines of Marine Biological research. A building 
committee was appointed by the Council, Messrs. Willink 
and Thicknesse were selected as Architects, plans were 
prepared and approved, and the contract for the erection 
of the block of buildings containing the departments of 
Natural History, Electrotechnics, and Geology, was 
given to Messrs. Thornton and Sons, of Liverpool. The 
Electrotechnics Laboratories were finished and opened 
last July. The Geology rooms are not yet completed.”* 

“At the opening of the buildings, Sir John Murray made the 

interesting suggestion that a Chair of Geology, with special bearing 


upon the geological problems of Oceanography, would be appropriate 
to Liverpool. 
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DEscRIPTION OF THE NEW BUILDINGS. 


“This Zoological Institute, as it would be called iu 
other countries, has a frontage of 123 feet on the western 
side of Brownlow Street, is 41 feet from front to back and 
84 feet in height from the street level. It is built of red 
pressed brick relieved with white sandstone from the 


Zoology Department of the University of Liverpool. 


Storeton quarries in Cheshire. On the north it adjoins 
the Hartley Botanical Laboratory, and on the south the 
new Electrotechnical Department, which also extends 
underneath the Zoology building in the basement. 
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“The building consists of a central tower containing 
the entrance hall and staircase and some of the smaller 
rooms on each floor, and of two blocks, the north and the 
south, which have been treated rather differently as 
regards internal structure. ‘The south block has only 
three main floors while the north has five in the same 
height. The central tower extends a storey higher. In 
the south block the three floors accommodate (1) the 
Museum with its large gallery, (2) the lecture theatre, 
and (3) the large junior laboratory at the top of the 
building. In the north block, on the two lower floors 
there are extensions of the Museum to receive special 
collections, and the rest of the space is devoted to the 
senior class-room, senior and honours students’ labora- 
tories, the departmental library, and rather large 
laboratory and store-room accommodation for the Sea- 
Fisheries Department, the work of the Economic 
Entomologist, of the Marine Biological Committee and 
other practical applications of Zoology. In the central 
tower, along with the staircase, there are small rooms for 
the professor, two demonstrators and the laboratory 
assistant, as well as diagram, chemical, aquarium, 
photographic and macerating rooms and_ students’ 
lavatories. 

“ Museum.—The main Museum measures fifty-seven 
feet by thirty-six feet, and has a large gallery twelve feet 
in width which almost constitutes a second floor. ‘There 
are also extensions through the tower into the north block 
on two floors measuring sixty-two feet in length, so that 
the total floor area of the Museum is about 5,792 square 
feet. This does not include the “ Local Collection ” 
which is accommodated in the L.M.B.C. research rooms. 

A museum in a University department need not aim 
at having complete series of organisms. Its main purpose 
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is to serve as a teaching collection which will represent 
adequately the various types of structure which the 
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student has to study. It should also indicate some ot the 
more important aspects of nature, reflect the research and 
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any special features in the teaching of the department 
and recall any faunistic points that are characteristic of 
the neighbourhood. A small museum lke our own can 
attempt little more than this, although here and there, 
for example, in Sea Fisheries and in Economic Entom- 
ology, an effort will be made to illustrate some of the more 
important industrial applications of Zoology. 

“As the workmen left the museum only a few days 
before the date of the formal opening, the arrangement 
of the specimens in the cases must be regarded as 
temporary and susceptible of considerable alteration. 
Most of the specimens require to be remounted and 
labelled, as time permits; and much material for the 
information of students reading in the Museum will be 
added to the cases. ‘The general arrangement adopted is 
that the Vertebrate animals are on the ground floor and 
the Invertebrate in the gallery; and in each the lowest 
group begins on the left-hand side of the entrance door. 
On the ground floor, Fishes, Amphibians, Reptiles, and 
Birds are accommodated on the eastern side; the 
Mammalia occupy the western side and the centre of the 
floor; while a series of slabs representing the celebrated 
fossil reptilian foot-prints from Storeton—-one of the 
characteristic features of our neighbourhood—-is_ placed 
in the case along the south end of the room. The 
extension of this museum floor into the north block is 
occupied by a small Anthropological collection gathered 
mainly as the result of expeditions and explorations 
undertaken by members of the staff. In the gallery of 
the museum the lower groups of Invertebrata occupy the 
eastern side, and the higher the western; some special 
collections are shown in the desk cases on the rail, and 
the extension into the north block on this floor accommo- 
dates the Sea-Fisheries Museum—a collection of very 
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special interest in relation to the research work carried 
on in the department for the local Sea-Fisheries 
Committee. 

“Lecture Theatre.—The lecture theatre measures fifty- 
seven feet by thirty-six feet, and is twenty-six feet in 
height. It is brightly lt by large windows on the east 
and west sides, but can be darkened for the use of the 
electric lantern. It is seated for three hundred, and has 
the largest northern wall provided with a lantern screen 
and ample accommodation for diagrams. There are four 
doorways: the public entrance from the main staircase, 
the lecturer’s entrance from the Professor’s private room, 
a door to the diagram room for convenience in service, 
and, at the back, a communication with the Geology 
staircase which leads from the Electrotechnics’ front door. 

“Opening from the lecture theatre is the Professor's 
room, which serves as the business office and committee- 
room of the department, and beyond that is the Professor’s 
private laboratory, in which at the present time are 
collections of Tunicata from various parts of the world, 
and of Pearl oysters from Ceylon, which are undergoing 
investigation. 

“ Inbrary.—The rest of this floor is occupied by the 
library, in three parts: (1) The Departmental library, 
the central meeting room of the department for senior 
students and staff, and the room in which the Biological 
Society and other bodies meeting in the department can 
assemble before entering the lecture hall. (2) the “ Isaac- 
Thompson” library, a special collection of books and 
pamphlets on Marine Biology, placed here as a memorial 
of Mr. Isaac Cooke Thompson, F.L.S., for many years 
Honorary Treasurer of the Liverpool Marine Biology 
Committee, and a well-known authority on the Copepoda 
and other low Crustacea. Most of Mr. Thompson’s 
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original work in Marine Biology was done in connection 
with this department, many of his specimens are in our 
collections, and this library of what he found most useful 
in his researches, enlarged as it will be from time to time, 
will be sure to prove useful to those workers amongst us 
who follow in his footsteps. (3) The library of the 
Liverpool Biological Society, which has made its home 
in this department for the last twenty years, occupies a 
double row of open cases placed at the back of the 
Professor's laboratory, and opening from the departmental 
library. It contains some important series of foreign 
Transactions of Societies which cannot be obtained else- 
where in Liverpool. ‘he three collections of books are 
thus distinct but adjoining—a most convenient arrange- 
ment. 

“Fisheries Department —The Sea-F isheries Laboratory, 
in front of the Fisheries Museum and communicating 
with it, consists of three rooms— a larger (twenty-seven 
feet by eighteen feet) and a smaller with ordinary 
laboratory fittings, and an additional stone-floored room, 
which can either be used for experimental tanks or, as 
at present arranged, for bacteriological work in connection 
with the sewage contamination of shell-fish. 

“ Research Rooms.—The third floor in the north block 
is occupied mainly by the L.M.B.C. and other research 
rooms, where either members of the staff, or research 
assistants working in the department, or any of our local 
amateur workers, can have a quiet place in which to carry 
on their investigations on the marine fauna. We have 
one large (forty feet by twenty-five feet) and three small 
rooms (each fourteen feet by eleven feet) available for 
this purpose, and a useful gallery, about eighty feet in 
length, in which the “ Local” collection is stored, so as 
to be convenient for consultation by specialists. This 
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gallery, the stair leading to it, and most of the museum 
cases and other fittings in all these research rooms were a 


 soseun the A LLERY 


Museum 


part of the former temporary Museum of Zoology, given 
to the department by the late Mr. George Holt some ten 


49, TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


years ago. Special exhibits of groups of animals now 
being investigated in the department will be laid out for 
inspection in each of these research rooms. 

“The chemical room for the department, the tank- 
room or aquarium, and a photographie dark room, open 
from the research rooms on this floor. 


LABORATORY 17 


ASDISTAN 


THIRD FL@R PLAN. 


“The ordinary students’ laboratories—J unior, Senior, 
and Honours—occupy, along with the adjoining small 
rooms for the Demonstrators and the Laboratory 
Assistants, the entire upper floor, and are partly ht from 
the roof. The Junior laboratory is a large room fifty- 
eight feet by thirty-six feet, with working-bench 
accommodation for fifty-two students at present, and 
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capable of holding twenty-four more when additional 
fittings are added down the centre of the room. The 
fittings in the Senior laboratory and Honours rooms are 
almost wholly derived from the workrooms of the old 
buildings. In fact, the principle has been acted on 
throughout of using all the old material so far as it would 
go. It is only in the main museum and the large Junior 
laboratory and two or three of the smaller rooms that all 
the fittings are new; elsewhere work-benches, wall-cases, 
partitions and other details recall at every turn our 
former home. Here, however, the accommodation is 
better and larger, the surroundings more pleasant and 
the facilities greater. These fine new laboratories will 
permit of more werk being done, and should stimulate 
the workers to do it better. 


STAFF OF THE DEPARTMENT. 


“ At present the staff in the Zoology Department is as 
follows :— 

Professor—William A. Herdman, D.Sc., F.R.S., 
Pres. Linn. Soc., Gen. Sec. Brit. Assoc. 

Demonstrator of Zoology and Lecturer in Comparative 

_ Anatomy—Frank J. Cole, B.Sc. (Oxon.). 

Demonstrator and Assistant Lecturer in Zoology— 
Joseph Pearson, B.Sc. (Vict. and Liverpool). 

Honorary Research Assistant—Herbert C. Robinson 
(At present exploring in Malaysia). 

Honorary Lecturer in Aquiculture—James Johnstone, 
B.Sc. (London). 

Honorary Lecturer in Economic Entomology— 
Robert Newstead, F.L.S., F.E.S. 

Honorary Lecturer in LHconomic Ichthyology— 
Andrew Scott, A.L.S., Naturalist at the Lanca- 
shire Marine Laboratory at Piel. 
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Honorary Lecturer in Marine Biology—Herbert C. 
Chadwick, Curator of the Port Erin Biological 
Station. 

Librarian—Miss M. Allen, B.A. 

Laboratory Assistant—William A. Gunn. 

Porter, and three Laboratory Boys. 


PUBLICATIONS OF THE DEPARTMENT. 


“This is not a complete list, but merely an indication 


of the chief series of works issued by members of the staff 
and advanced students, or others working in connection 


with the department and under the direction of the 
Professor. In all, about three hundred scientific papers, 
illustrated by over five hundred plates, have appeared as 
the result of the work of the department during the last 
twenty years. 


Fauna of Liverpool Bay. Vols. I. to V., 1886-1900, 
containing many papers by the staff and other 
local naturalists. 

Annual Reports on the work of the L.M.B.C. Nos. I. 
to XVIII. 

Annual Reports on the work of the Lancashire Sea 
Fisheries Laboratories. Nos. I. to XIII. 

Transactions of the Liverpool Biological Society. Vols. 
I. to XIX., containing various papers by the 
staff and other local naturalists. 

Oysters and Disease, by Professor Herdman and 
Professor Boyce. 4°. London, 1899. 

Fishes and Fisheries of the Irish Sea, by Professor 
Herdman and Mr. R. A. Dawson. 4°. London, 
1902. 

L.M.B.C. Memoirs on the following types : —Aseidia, 
Cardium, Echinus, Codium, Aleyonium, Lepe- 
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ophtheirus and Lernea, Lineus, Pleuronectes, 
Chondrus, Patella, Gammarus and Arenicola. 

Observations on the Cranial Nerves, etc., of Fishes, by 
Mr. F. J. Cole, in Trans. Linn. Soc., 1898. 

On the Cranial Nerves of Chimaera, by Mr. F. J. Cole, 
in Trans. Roy. Soc. Edin., 1896. 

General Morphology of Myainoid Fishes, etc., Part I., 
by Mr. F. J. Cole, in Trans. Roy. Soc., Edin., 
Vol. XLI., 1905. 

And other papers by Mr. F. J. Cole. 

The Thymus wn the Marsupials, by Mr. J. Johnstone, 
in Journ. Linn. Soc., 1898. 

On the Gastric Glands of the Marsupralia, by Mr. J. 
Johnstone, in Journ. Linn. Soc., 1899. 

And other papers in the Sea Fisheries Laboratory 
Reports, by Mr. Johnstone. ; 

Various papers by Mr. Andrew Scott in the Sea 
Fisheries Laboratory Reports. 

Various papers by Mr. Chadwick in the Port Erin 
Reports. 

Report on the Tumicata of the Challenger Expedition, 
by Professor Herdman, in three parts--1882, 
1886, 1888. 

Revision of the Tunicata, in Journ. Linn. Soc., by 
Prof. Herdman, 1891. 

On the Cerata of Nudibranchiata, in Quart. Journ. 
Wieros, Sci., Vol. XXXT., 1890; and Vol. 
XXXIII., 1892, by Professor Herdman and Mr. 
J. A. Clubb. 

Report to the Ceylon Government on the Pearl Oyster 
Fisheries of the Gulf of Manaar, by Professor 
Herdman and other naturalists, published by the 
Royal Society. 4°. Vols. I—IV., 1908-5. 
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THE INAUGURATION OF THE NEw BUILDINGS. 


The following account is abbreviated from the 
reports of the proceedings which appeared in the 
Liverpool daily papers :— 


‘The new Museum and Laboratories of Zoology of 
the Liverpool University were auspiciously opened on 
Saturday, November 18th, 1905, by the Earl of Onslow, 
formerly President of the Board of Agriculture and 
Fisheries. Before the actual ceremony of imauguration 
at the threshold of the handsome structure in Brownlow 
Street, there was a large gathering in the Arts Theatre of 
guests of the Council and Senate of the University. The 
chair was occupied by the Chancellor, the Karl of Derby, 
and amongst others supporting him, besides Lord 
Onslow, were Sir Edward Lawrence (pro-Chancellor), ~ 
Mr. E. K. Muspratt (pro-Chancellor), Sir Thomas Elliott 
(Permanent Secretary of the Board of Agriculture and 
Fisheries), Sir John Murray (of the ‘ Challenger ” 
expedition), Sir John T. Brunner, Bart., M.P., Sir Lauder 
Brunton, Vice-Chancellor Dale, the Right Hon. R. B. 
Haldane, K.C., M-P., the Mayor of Birkenhead, the 
Mayor of St. Helens; Messrs. John Lea, J. W. Alsop, 
A. F. Warr, Charles M‘Arthur, M.P., J. Hoult, M.P., 
J. Fletcher (the Chairman of the Lancashire Sea Fisheries 
Committee), and Hugh R. Rathbone (treasurer); Major 
MacMahon, the Rev. Spotswood Green; Deemster Kneen, 
Lord Mountmorres, Drs. Caton, Tempest Anderson, and 
Shuckburgh; Professors Watkinson, Donnan, Wyld, 
Reilly, Owen Williams, Herdman, Marchant, Moore, 
Elton, Wilberforce, Briggs, Carter, Glynn, Rushton 
Parker, MacCunn, Dendy, Londini, Graham-Kerr, Carey, 
Harvey-Gibson, Kuno Meyer, Sherrington, Hickson, 
D’Arcy Thompson, Davis, Newton Parker, Denny, 
Ross, Gilson (Louvain), and Jungersen (Copenhagen). 
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“Apologies and letters of regret for unavoidable 
absence were received from the President of the Royal 
Society, Sir Archibald Geikie, Professor Ray Lankester, 
Sir Henry Roscoe, and many other scientific men. A 
resolution passed at the meeting of the Linnean Society 
of London on Thursday, signed by the officers, and 
congratulating the University of Liverpool and their 
President (Professor Herdman) on the new laboratories, 
was received. Dr. Nansen had accepted the invitation, 
and hoped to be present, but at the last sent his regrets 
and a telegram saying :—‘ Hearty congratulations to the 
Zoological Department of the University of Liverpool.— 
NANSEN.” 


“THe CHANCELLOR, in his introductory remarks, 
said that was a moment of congratulation to all who, like 
the governing body, believed in the future of the 
University. (Hear, hear.) They met once more to 
signalise another mark gained, and another step advanced 
in the duties which they had laid before them. They 
cordially welcomed Lord Onslow. (Applause.) His 
Lordship had done much in the service of the country in 
encouraging research, in promoting the fisheries brought 
under his department, and in giving the benefit of his 
official knowledge and experience to those with whom he 
acted and whose privilege it was to act with him. (Hear, 
hear.), They knew that they would carry with them Lord 
Onslow’s sincere sympathy in their undertaking. 

They were proud to have with them a gentleman whose 
name was known wherever marine biology was spoken 
of—namely, Sir John Murray, the able adviser and 
chronicler of the results of the great ‘‘ Challenger ”’ 
expedition. (Applause.) They had also with them, in 
their own immediate circle, Professor Herdman, to whom 
the privilege had been accorded of linking science and 
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practice. (Applause.) In future times they might look 
back to the manner in which marine biology had been 
developed in the cause alike of our fisheries and of science, 
and both those who had their living to earn and those who 
had to advance science would equally be grateful for the 
means which had been afforded and to those who had so 
amply made use of them. (Applause.) In conclusion, 
the Chancellor said whereas some years ago the natural 
history department had been housed imperfectly at best 
in some of the older buildings of the University, it was 
now to find a home which they believed would be 
worthy of it, and to which they hoped it would do justice. 
(Applause. ) 

“'Lorp ONnsLow, who was accorded an enthusiastic 
sreeting, said he could assure his hearers that he felt it 
a very great honour to have been asked to open the new 
Laboratories. When the invitation was extended to him 
in January of last year, he ventured to point out that 
the then Minister of Agriculture and Fisheries, along 
with his colleagues, when the time came for opening the 
Laboratories, might be in the enjoyment of greater repose 
and less responsibility. (Laughter.) The Chancellor, 
however, was good enough to say that it was not the 
official but the person who had been the first Minister for 
Fisheries in England that they desired to open their 
building. (Applause.) He accepted that as a great 
personal compliment. In the first place, he wished to 
congratulate the University of Liverpool on their decision 
to set apart a sum sufficient to properly equip the Museum 
and Laboratories of the Natural History or Zoological 
Department of the University. (Applause.) He thought 
that was a wise step, but it was a step which could only 
have been accomplished, in common with all the rest of 
the work of the University, by the great lberality of the 
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captains of industry in Liverpool, who had realised that 
the application of science to commerce was one of 
the most important things for commerce itself. (Applause.) 
Although there was in this country a great amount of 
private wealth and of private benefaction, he was afraid 
it must be confessed that the amount which had been 
devoted to the promotion of University education ‘ pales 
its ineffectual fires’ before what had been done in America. 
In the United States of Afherica as much as £7,000,000 
had been bequeathed or given in two years to the purposes 
of University education. ‘The result was that the United 
States had rich Universities founded by individuals, and 
he confessed that if he were a man of great wealth he 
would much rather posterity would remember him as 
having founded a University, or a chair in a University, 
than as having been a liberal subscriber to the funds of 
his party. . . . But there was another kind of warfare 
which had begun, was continuing, and which we would 
have with us for many a day. That was the war in 
commercial supremacy. Even with our own colonies we 
were beginning to see that there was rivalry in commerce 
with the mother-country. What were the armaments 
with which we were to provide ourselves for the purposes 
of defence in the war of commercial supremacy? ‘They 
were those provided by science and by scientific research. 
(Applause.) . . . Waterloo and Trafalgar were things 
of the past, but what they owed to the Victorian age was 
that great spirit of invention which had enabled the 
expansion of our colonies, and the great increase of 
wealth in our own country. . . . Were we doing all 
that we ought to see that any latent genius in the whole 
of the British nation got the opportunity to come out, and 
to give to the world those great triumphs of scientific 
research from which this country had so enormously 
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benefited? He thought it must be confessed that until 
quite recently education in this country was in a chaotic 
state. ven now it was only in favoured cities and places 
that there was anything like an educational ladder by 
which an intelligent boy at the national school could, 
without cost to his parent, work his way up till he took a 
University degree, and could devote himself to scientific 
research for the benefit of his fellow-countrymen. 
He was glad he had had the opportunity of making those 
remarks before one of the most distinguished authorities 
on education in this country, Mr. Haldane. (Hear, hear.) 
As a recent Minister of Agriculture and Fisheries, he 
(Lord Onslow) welcomed the association which, he 
observed, was to exist between the University of Liverpool 
and the Lancashire Sea Fisheries Committee. There was 
very great practical and useful work, especially research 
work, to be done in that direction. They were fortunate 
in Lancashire, because their wealth was such that a 
comparatively insignificant rate—a rate of one-sixteenth 
of a penny—was sufficient to yield a very handsome sum 
for the purposes of their fisheries. (Hear, hear.) When 
the business of the fisheries of the country was handed 
over to his (Lord Onslow’s) department, he naturally 
expected, as an ignorant Minister did, that he would find 
the broad lines upon which it was expected that he should 
shape his policy already laid down by experts and 
scientists. But, instead of that, he found that there was 
very little information upon the subject. What they 
wanted to know was, were the fishing grounds of our 
coasts being depleted by our fishermen? It was no use 
to say that the quantity of fish imported into this country 
was increasing in numbers, because it was well known 
that our fishermen went farther and farther afield; but 
what they wanted to know was, by scientific research, 
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whether anything could be done to stem the depopulation 
of the ocean if that depopulation was actually going on? 
(Applause.) That work must be divided under two heads 
—statistical and biological. The statistical work could 
not, of course, be properly performed by a University such | 
as that. That was a matter which must be taken in hand 
by the central authority. This country was spending a 
large sum of money upon an international investigation 
of the North Sea. He confessed that in the early days 
of that investigation a great deal of money was spent on 
hydrographical, meteorological, and physical subjects— 
all very interesting, but not tending towards the solution 
of practical problems. He hoped that that was going to 
be in a great measure remedied, and that the statistics 
which could be collected from the fishermen who brought 
their fish into our ports might give valuable data upon 
which to endeavour to solve those practical problems. 
Some of those problems were necessary of solution, and 
until we found answers to them—those that affected our 
home and territorial waters—the efficient supervision of 
our fisheries was next to impossible. (Applause.) He 
looked very largely to the Lancashire Sea Fisheries 
Committee, acting in conjunction with the University 
vf Liverpool, to pursue the biological part of those 
Inquiries. (Applause.) The University had got an 
excellent Laboratory, and an excellent staff of naturalists 
working under Professor Herdman, and the Sea Fisheries 
Committee had got a vessel which they could send out to 
bring in the specimens for the naturalists to work upon. 
With those three things they might do great service not 
only to this part of the country, but to marine biological 
questions for the whole of HKngland. (Applause.) He 
was in hopes that when the expenditure of this country 
upon the international investigation of the North Sea 
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came to a close there might be national funds available 
for assisting them in the research which they had under- 
taken for some time past, and which he could not doubt 
would, with the opening of those new buildings, be 
largely stimulated and increased, and that thereby they 
might be assisted by them to solve problems which were 
great and national. (Applause.) There was also the 
very important question of the connection of human 
disease with shellfish. They wanted to find out to what 
extent there was contamination in shellfish, and also what 
was not dangerous to the human frame. It was really of 
the very greatest possible importance that they should 
know how to protect human beings from the danger of 
eating contaminated shellfish. He bélieved that the 
formation of that department of the University, and its 
collaboration with the Sea Fisheries Committee, was 
likely to assist in the solution of some problems which 
affected an industry in which an immense amount of 
capital was invested—an industry that employed a very 
large number of his Majesty’s subjects in the trade of 
fishing, and an industry which was the best traiming of 
all others for the manning of our Navy, and, above all, 
which provided one of the most important sources of food 
supply for the people of all classes, but more particularly 
for the poorest of the poor. It would also tend to assist 
the Board of Agriculture and Fisheries in discharging 
its duties of supervising and regulating the sea-fishing 
industry all round our coasts. He hoped that all who had 
worked in these Laboratories of the University would be 
stimulated to greater efforts by the better buildings in 
which they would be housed, and that they would show 
their gratitude to the University, and to those who had 
so liberally provided the funds, by doing more and better 
work, and that the result of it would be to the advantage 
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not only of this city or this county, but to the whole of 
England. (Applause.) 

“THE CHANCELLOR read a communication received 
from Sir Thomas Elliott, Permanent Secretary of the 
Board of Agriculture and Fisheries, intimating that the 
Board were pleased to award the University a grant of 
£200 for the financial year ending March, 1906, in respect 
of the Zoological work carried on in connection with the 
fishing industry, and conveying the congratulations of 
the Board on the completion of the Zoological Museum 
and Laboratories, which they hoped would be of service 
“both in the advance of scientific knowledge and in the 
solution of many problems of importance to the fishing 
industry.’ 

“Sir Tomas Exxiorr afterwards spoke. He wished, 
on behalf of the Board of Agriculture and Fisheries, to 
associate himself with all those expressions of goodwill 
which had fallen from Lord Onslow. They were very 
grateful to Professor Herdman for the services he had 
rendered. He was not only a distinguished man of 
science, but he had done his best to be an apostle of 
science, and to instil the scientific spirit into those 
practically engaged in the fishing industry. (Applause.) 
The Board of Agriculture and Fisheries were deeply 
grateful to him for the services he had rendered to them 
on many occasions. In these days it was impossible to 
administer a department wisely and well without the 
active co-operation of men of science, and the Board felt 
that in Professor Herdman they had a man whom they 
could turn to for advice on all occasions, and who would 
always be ready to assist them. (Hear, hear.) The 
Board congratulated the University upon its latest 
extension, and trusted that the resources now at the 
disposal of Professor Herdman and his staff would be 
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fully utilised in the future, and that the results would be 
for the benefit of the fishing industry of the country. 
(Applause. ) 

“Mr. E. K. Muspratt, President of the Council, 
moved a vote of thanks to Lord Onslow. 

“Sir Joun Brunner, M.P., in seconding, referred 
to the benefits to be derived from the application of science 
to industry and commerce, and cited an instance where 
by an expenditure of £125 a quantity of mussels had 
been transplanted from an unfavourable to a favourable 
locality, with the result that the fishermen of the latter 
district had made £2,000 out of the mussel beds. 

“Tur CuHaNcELLoR then accompanied Lord Onslow 
to the new Museum and Laboratories, the doors of which 
the distinguished visitor formally opened. After the 
various parts of the building had been inspected, a large 
company assembled in the Zoology lecture theatre, under 
the presidency of Lord Derby, who called upon the 
Professor of the department. 

‘“ Proressor HrrpMan then briefly explained the 
plan of the new buildings and the purposes to which they 
would be put, and concluded by introducing Sir John 
Murray, after describing the services which that eminent 
oceanographer had rendered to modern science. 

“Sir JoHNnN Murray then addressed the assembly 
upon ‘Oceanography.’ After speaking of some of the 
known facts about the ocean ascertained through the 
medium of oceanography, Sir John said he understood 
they had as yet no professorship of geology in connection 
with their University. In the remains of the organisms 
found now at the bottom of the ocean there was a 
tremendous field to be exploited by the young and 
vigorous scientific men of the future, and he asked why 
in this centre of Liverpool should they not have in 
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association with the Zoological Laboratories a Geological 
Department, the principal object of which would be to 
study the new ideas connected with the ocean, especially 
with respect to the formation of rocks now going on there. 
(Applause.) Geologists up to the present time had only 
studied the land surfaces; the other half of geology lay in 
the bed of the ocean covered by 2,000 fathoms of water. 
That was a new direction in which some of the younger 
men of to-day might make a great reputation. (Applause.) 

“In response to the vigorous calls of the students, 
who throughout the meeting in the Arts Theatre, as well 
as at the gathering in the Zoology buildings, had, by 
their exuberance of spirit very pleasantly asserted their 
presence, 

“Mr. R. B. Hatpane delivered a brief speech. He 
said he had no doubt Sir Thomas Elliott had a very hard 
time with the Chancellor of the Exchequer before he got 
the grant of £200 towards the expenses of the work 
carried on in these Laboratories. Sir Thomas had, 
however, now established the principle, and connected the 
University of Liverpool with his Majesty’s Government. 
(Hear, hear.) It was said the present Government was 
going out. (Laughter.) He could not believe it was 
true. (Renewed laughter.) If there was another 
Government he wanted to make a bargain with Lord 
Onslow that they should together badger that Govern- 
ment to get some more money for the University. 
(Laughter and hear, hear.) It was said by a great Prime 
Minister on one occasion long ago that England had saved 
herself by her energy, and he hoped she might save 
Hurope by her example. So the people of Liverpool, 
said Mr. Haldane, by their own energy had saved them- 
selves in University matters; he hoped it might be given 
{o them to illuminate the country and save it by the 
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example they had shown of what could be done for the 
higher education of the nation. (Applause.) 

“ Afternoon tea was then served in the large Junior 
Laboratory, to the guests and friends, who spent some 
little time afterwards in inspecting and admiring the new 
building, with its splendid facilities for scientific pursuits 
and investigations.” 


We append to this report :—‘“‘(A) The usual statement 
as to the constitution of the L.M.B.C. and the Laboratory 
Regulations, (B) the Hon. Treasurer’s Report, List of 
Subscribers and Balance-sheet, and (C) the new edition of 
the “ Guide to the Aquarium.” 
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Recently hatched Crab. Magnified. 
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APPENDIX A. 


THE LIVERPOOL MARINE BIOLOGY 
COMMITTEE (1905). 


His ExceLttency THE Rigut Hon. Lorp Racuan, Lieut.- 
Governor of the Isle of Man. 

Mr. R. D. Darsisuire, B.A., F.G.S., Manchester. 

Pror. R. J. Harvey Grsson, M.A., F.L.S., Liverpool. 

Mr. W. J. Harts, Liverpool. 

Pror. W. A. Herpman, D.Sc., F.R.S., F.L.S., Liverpool, 
Chairman of the L.M.B.C., and Hon. Director of the 
Biological Station. 

Dr. W. E. Hovis, M.A., University, Manchester. 

Mr. P. M. C. Kermopve, Ramsey, Isle-of-Man. 

Mr. A. Leicester, Liverpool. 

Str Cuartes Perriz, Liverpool. 

Mr. li. Tompson, Liverpool. 

Mr. A. O. Warxer, F.LS., J.P., formerly of Chester. 

Mr. Arnoxp I’. Watson, F.L.S., Sheffield. 


Curator of the Station—Mr. H. C. Cuapwick. 
Assistant—Mr. T. N. CREGEEN. 


CONSTITUTION OF THE L.M.B.C. 
(Established March, 1885.) 


I.—The Ossercr of the L.M.B.C. is to investigate the 
Marine Fauna and Flora (and any related subjects such 
as submarine geology and the physical condition of the 
water) of Liverpool Bay and the neighbouring parts of 
the Irish Sea and, if practicable, to establish and maintain 
a Biological Station on some convenient part of the coast. 
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I{.—The Commirrex shall consist of not more than 12 
and not less than 10 members, of whom 38 shall form a 
quorum; and a meeting shall be called at least once a 
year for the purpose of arranging the Annual Report, 
passing the Treasurer’s accounts, and transacting any other 
necessary business. 

Ii]—During the year the Arratrs of the Committee 
shall be conducted by an Hon. Director, who shall be 
Chairman of the Committee, and an Hon. Treasurer, 
both of whom shall be appointed at the Annual Meeting, 
and shall be eligible for re-election. 

TVY.—Any Vacancres on the Committee, caused by 
death or resignation, shall be filled by the election at 
the Annual Meeting, of those who, by their work on the 
Marine Biology of the district, or by their sympathy with 
science, seem best fitted to help im advancing the work of 
the Committee. 

V.—The Exrensss of the investigations, of the publi- 
cation of results, and of the maintenance of the Biological 
Station shall be defrayed by the Committee, who, for this 
purpose, shall ask for subseriptions or donations from the 
public, and for grants from scientific funds. 

VI.—The Brotoaican Station shall be used primarily 
for the Exploring work of the Committee, and the 
Specimens collected shall, so far as is necessary, be 
placed in the first instance at the disposal of the members 
of the Committee and other specialists who are reporting 
upon groups of organisms; work places in the Biological 
Station may, however, be rented by the week, month, or 
year to students and others, and duplicate specimens 
which, in the opinion of the Committee, can be spared 
may be sold to museums and laboratories. 
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LIVERPOOL MARINE BIOLOGICAL STATION 
AT 
PORT ERIN. 


LABORATORY REGULATIONS. 


I1.—This Biological Station is under the control of the 
Liverpool Marine Biological Committee, the executive of 
which consists of the Hon. Director (Prof. Herdman, 
F.R.S.) and the Hon. Treasurer (Mr. EH. Thompson). 

II.—In the absence of the Director, and of all other 
members of the Committee, the Station is under the 
temporary control of the Resident Curator (Mr. H. C. 
Chadwick), who will keep the keys, and will decide, in the 
event of any difficulty, which places are to be occupied by 
workers, and how the tanks, boats, collecting apparatus, 
&e., are to be employed. 

Ili.—The Resident Curator will be ready at all 
reasonable hours and within reasonable limits to give 
assistance to workers at the Station, and to do his best 
to supply them with material for their investigations. 

TV.—Visitors will be admitted, on payment of a small 
specified charge, at fixed hours, to see the Aquarium and 
Museum adjoining the Station. Occasional public lectures 
are given in the Institution by members of the Committee. 

V.—tThose who are entitled to work in the Station, 
when there is room, and after formal application to the 
Director, are:—(1) Annual Subscribers of one guinea or 
upwards to the funds (each guinea subscribed entitling to 
the use of a work place for three weeks), and (2) others 
who are not annual subscribers, but who pay the Treasurer 
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10s. per week for the accommodation and _ privileges. 
Institutions, such as Universities and Museums, may 
become subscribers in order that a work place may be at 
the disposal of their students or staff for a certain period 
annually ; a subscription of two guineas will secure a work 
place for six weeks in the year, a subscription of five 
guineas for four months, and a subscription of £10 for the 
whole year. 


VI.—Each worker is entitled to a work place opposite 
a window in the Laboratory, and may make use of 
the microscopes and other apparatus, and of the boats, 
dredges, tow-nets, &c., so far as is compatible with 
the claims of other workers, and with the routine work of 
the Station. 

VII.—FEach worker will be allowed to use one pint of 
methylated spirit per week free. Any further amount 
required must be paid for. All dishes, jars, bottles, tubes, 
and other glass may be used freely, but must not be 
taken away from the Laboratory. Workers desirous of 
making, preserving, or taking away collections of marine 
animals and plants, can make special arrangements 
with the Director or Treasurer in regard to bottles and 
preservatives. Although workers in the Station are free 
to make their own collections at Port Erin, it must be 
clearly understood that (as in other Biological Stations) 
no specimens must be taken for such purposes from the 
Laboratory stock, nor from the Aquarium tanks, nor from 
the steam-boat dredging expeditions, as these specimens 
are the property of the Committee. The specimens in 
the. Laboratory stock are preserved for sale, the animals 
in the tanks are for the instruction of visitors to the 
Aquarium, and as all the expenses of steam-boat dredging 
expeditions are defrayed by the Committee, the specimens 
obtained on these occasions must be retained by the 
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Committee (a) for the use of the specialists working at 
the Fauna of Liverpool Bay, (6) to replenish the tanks, 
and (c) to add to the stock of duplicate animals for sale 
from the Laboratory. 

VIII.—Each worker at the Station is expected to lay 
a paper on some of his results—or at least a short report 
upon his work—before the Biological Society of Liverpool 
during the current or the following session. 

1X.—AII subscriptions, payments, and other commu- 
nications relating to finance, should be sent to the Hon. 
Treasurer. Applications for permission to work at the 
Station, or for specimens, or any communications in 
regard to the scientific work should be made to Professor 
Herdman, F.R.S., University, Liverpool. 
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APPENDIX B. 


HON. TREASURER’S STATEMENT. 


As usual, the list of subscribers and the balance 
sheet are appended, the latter showing a small balance 
due to the Treasurer. This indicates the necessity there is 
for increased support by annual subscriptions or special 
donations, now that the commodious, but more expensive, 
new Biological Station is in full occupation, and that 
further fields of useful work are opening up before the 
Committee. 

A donation of a guinea has been received from 
Miss L. R. Thornely to the special fund for publishing the 
Marine Biological Memoirs. Several excellent Memoirs 
are now nearly ready for publication, and further 
contributions for this object will be gladly received. 

The library for the use of students and workers at 
the Port Erin Station is urgently in want of many 
standard Biological works. Further donations towards 
the library, either in books or money, will be most 
welcome. 

The Treasurer will gladly receive the names of new 
subscribers with the view of continuing the publications 
on the local Fauna and on typical British marine animals 
and plants, and of aiding to defray the necessary working 
expenses of the Biological Station; and of thus further 
adding to the work which has been carried on under the 
auspices of the L.M.B.C. since its foundation nineteen 
years ago. 

Kpwtn TnHomeson, 
53, Croxteth Road, Hon. Treasurer, 

Liverpool, December, 1905, 
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GuipE To THE Port Erin Aguarium. 


PREFACE. 


Tux first edition of this Guide was drawn up in the winter 
of 1901, when the new Biological Station was building, 
but still unoccupied. Consequently, the selection of 
animals to be dealt with in each group was largely 
determined by our experience in the old Aquarium on the 
north side of the bay. Some additions are, therefore, 
necessary now that we have much larger tanks, a constant 
stream of circulating salt-water, and better facilities of 
various kinds in the new institution; still, the greater 
portion of the work apples without change, and the 
improvements in the present edition are for the most part 
additions rather than alterations. Mr. Chadwick has 
supplied me with some of these additions, stating that 
they were suggested to him by the questions asked by 
visitors walking round the Aquarium, the most note- 
worthy being the part dealing with the fishes. I have 
thought it useful to add at the end some description of the 
sea-fish hatching operations conducted in the building, 
and to place, as an introduction, a short account of the 
Biological Station and of the methods employed by 
Naturalists in capturing the various marine animals that 
they study, and some of which they are able to keep for 
public exhibition in the tanks of the Aquarium. 

It is evident to us, both from our own limited 
experience in this Aquarium, and also from the history of 
other similar but larger institutions elsewhere, that much 
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public interest can be excited and much useful educational 
work accomplished by well-arranged and adequately 
stocked and properly kept marine tanks, especially if 
combined with scientific guidance and personal exposition. 
The latter, however, although very desirable, is not 
absolutely necessary, and is not always possible, as it 
sometimes makes too severe a strain upon the lhmited time 
that the Curator can spare from his other duties. It is 
hoped by the Committee that the present little guide, 
drawn up by the Hon. Director, with illustrations by the 
Curator, Mr. H. C. Chadwick, will enable visitors to the 
Aquarium to study the tanks and specimens for themselves 
with intelligent interest, to recognise representatives of 
the leading groups of marine animals, and to make some 
acquaintance with the nature and range, the beauty and 
the importance of the living things of our seas. 

The majority of the figures are original, and were 
drawn by Mr. Chadwick from specimens found at Port 
Erin; the rest were copied more or less closely from well- 
known works of the following authors:—Claus, Gosse, 
Savile Kent, Jeffrey Bell, Hickson, McIntosh, Watson, 
Balfour, Brady, Herdman, Sars, Korscheldt and Heider, 
Jeffreys, Day, and Alder and Hancock. 

W. A. Herpman. 
University, Liverpool, 
December, 1905. 


The Naturalist’s Dredge. 


MARINE BIOLOGICAL STATION AT PORT ERIN. will 


INTRODUCTION. 


Tue Port Erin Biological Station was established by the 
Liverpool Marine Biology Committee primarily for 
purposes of scientific research. The first building, the 
old Laboratory on the shore below the Bellevue Hotel, was 
opened by Sir Spencer Walpole, then Lieutenant-Governor 
of the Isle-of-Man, in June, 1892. The second building, 
the old Aquarium, was added alongside the Laboratory in 
March, 1898, for the double purpose of permitting of 
observational and experimental work, and of enabling the 
public to see something of the wonderful variety and 
interest of life in the ocean and on the sea-shore. 

In 1901, a working arrangement for combining 
economic sea-fish hatching with the scientific investiga- 
tions was agreed to between the Government of the island 
and the Liverpool Marine Biology Committee; and, as a 
result, the new Biological Station, Aquarium and 
Hatchery was erected on the south side of the bay, near 
the base of the ruined breakwater, and was occupied and 
opened for work in the summer of 1902. 

The elevation (fig. A) shows a plain, but substantial 
two-storied stone building; of nearly 100 feet in 
length by over 40 feet in breadth, with a light railing in 
front, and a large yard enclosed by a wall behind (fig. B). 
At the western end (fig. C) is the open-air spawning-pond, 
excavated from the rock, measuring about 90 feet in 
length, nearly 50 feet in breadth, varying from 38 to 
10 feet in depth, and capable of containing about 130,000 
gallons of sea-water. 

The Biological Station consists of three blocks (see 
fig. B.):—A central part, open to the public, and 
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containing the Aquarium on the ground floor and the 


Museum in the gallery above; a western wing, devoted 
on both floors to fish hatching, lobster rearing, and any 

‘ ( 
other allied form of economic work (the upper floor now 
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Fic. A. Front Elevation of Biological Station. 
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temporarily used as a_ sea-fisheries museum, open to 
visitors); and an eastern wing, which is the purely 
scientific department, containing the Laboratories, 
Library, &c., under the control of the L.M.B.C. 
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Against the cliff, at the rear of the hatchery, two 
large storage tanks, built of masonry and concrete are 
capable of holding a large supply of sea-water for the 
Hatchery and Aquarium. Water is pumped from the sca 
to these tanks through a 4-inch iron suction pipe, laid 
in a trench excavated to 10 feet below the level of the 
road. The perforated box through which the sea-water 
enters the pipe is laid on the beach below half-tide mark 
on hard, clean rock, at a place where the water is pure. 


Fic. C.—Western end of Biological Station and large Spawning Pond. 


Marine Biology is the branch of science which deals 
with the development, life-history, structure, actions and 
relationships of the animals and plants which live in the 
sea, and also with any general theoretical questions upon 
which these animals and plants throw any light. Life is 
almost universally distributed on sea and shore. Some 
localities are, of course, more abundantly supplied than 
others, and Port Erin is one of the most highly-favoured 
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spots. But there is probably no shore so barren that not a 
living thing can be found there. Even the purest-looking 
sand or the dirtiest mud or the clearest water is sure 
to have some organisms, such as worms or molluscs 
burrowing through, or minute crustacea and protozoa 
swimming in a drop or a film of moisture. When 
however, rocks and sea-weeds are present on the shore, 
the animals are much more abundant and conspicuous, 
and the naturalist collecting in the rock-pools and under 


Fic. D.—The Naturalist’s Dredge emptied on deck. 


ledges of rock and over-hanging weed, or by examining 
the under sides of up-turned stones, is sure to reap a rich 
harvest. One of the advantages of Port Erin is that there 
are so many different kinds of ground for shore-collecting 
—such as Fleshwick, Port St. Mary, Perwick and the 
Calf Sound—all within easy reach, 
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In order to collect animals which are not found 
between tide-marks, the naturalist has to scrape the 
bottom of the sea with a dredge or trawl, or skim the 
surface for minute swimming and floating organisms by 
means of the tow-net. A figure of the naturalist’s dredge 


Fig. H.—Simple Tow-net, Fic, F.—Hensen’s Vertical 
with Electric Lamp. Plankton Net. 


lying on the sea-bottom is seen at the end of the Preface, 
and fig. D shows the same collecting instrument when it 
has been hauled up full and is being emptied out on the 
deck of the steamer, 
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The tow-net (figs. E and F) is a conical bag of 
muslin or silk, which can be towed through the water 
behind a boat, so as to strain out all the microscopic 
organisms. Fig. F shows a more complicated form for 
very exact work, and fig. E a simpler tow-net, with, 
however, an electric lamp fixed in the interior in order to 
attract swimming animals in the dark. Many very rare 
animals have been captured in this way by an electric- 
light-net lowered at night to the bottom of the sea. 


Coarse net inside 


Fine ret outside 


Nets on Tap , Port Side Main Deck | 


Fic. G.—Arrangement for collecting Plankton on a “‘ Liner.’’ 


When on board a steamer going so fast that it would 
be impossible to tow a net through the water, it is still 
possible to get a good gathering of plankton by tying the 
tow-net over some tap on board which communicates with 
a tank into which the sea is being pumped. Fig. G 
shows such an arrangement on the deck, but quite as 
good a plan is to use one of the bathrooms and run the 
sea-water tap day and night through nets which are 
periodically changed. In this way it is possible, on any 
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voyage, not only to make a collection of scientific value, 
but also to obtain a fresh supply every day of most 
interesting living organisms for examination with the 
microscope. 


Fig. H.—Kiel Plankton Microscope, with large mechanical stage, &c. 


The further investigation of the material so collected 
brings us to microscopic and chemical work in a scientific 
laboratory, which it is not the purpose of this little Guide 
to describe. 

We shall now pass the various groups of marine 


animals in review, beginning with the lowest and working 
up to the fishes. 


F 
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PROTOZOA (Lowest ANIMALS). 
(Fig. I.) 

The lowest and simplest animals in the sea are not, 
as some seaside visitors suppose, the jelly-fishes, zoophytes, 
and sea-anemones, nor even the sponges, but they are 
minute delicate creatures, the Protozoa, found swimming 
in the clear water or lying on the mud and sea-weeds, and 


Fa. I., Protozoa and Diatoms (all highly magnified). 


for the most part far too small to be seen without the 
microscope. And yet they are of immense importance in 
the world. They are very numerous, and form the food of 
larger animals in the sea. Many of them are eaten 
directly by young fishes, and a French naturalist has 
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calculated that the Sardine takes as a meal about 
20,000,000 of the small Ceratium tripos shown in fig. I. 
at 2; while Professor Hensen has found 130 millions of 
them in 10 cubic metres of water from the Baltic. This 
and other kinds of Ceratium (1 and 3) are one of the chief 
causes of the luminosity or “ phosphorescence ” of the sea. 
Another little Protozoon which frequently causes the sea 
to sparkle with light in the night is Noctiluca miliarts (fig. 
I., 5), which is occasionally present in great abundance in 
the Irish Sea. These all swim on the surface of the sea, 
but there are many other Protozoa which have relatively 
heavy though minute shells, and are usually found on the 
bottom or attached to other objects. A good example of 
this is Rotalza beccari seen at 4, and belonging to the 
Foraminifera. In some parts of the world Foraminifera 
are so abundant that their minute living shells accumulate 
as enormous deposits covering many million square miles 
of the floor of the ocean, and those that existed in former 
times now build up mountain ranges in some parts of the 
world. ‘There are other Protozoa occasionally seen at the 
seaside, such as olliculina ampulla (No. 6), enclosed in a 
delicate green-coloured shell and protruding its soft body, 
bearing a fringe of numerous delicate hair-like filaments, 
by the lashing of which food particles are wafted to the 
mouth; and Tentennus campanula (No. 7), a somewhat 
similar form, enclosed in a conical shell, which floats in 
the sea and can be captured sometimes by towing a fine 
muslin net through the water. 

There is a group of microscopic plants, the Diatoms, 
which is worthy of attention because of its great import- 
ance as the food of many animals. Diatoms are 
unicellular Alez, and a few of the commoner forms are 
shown in the figure: 8 1s a Biddulphia, 9 a Coscinodiscus, 
10 is Chaetoceras secundum, and 11 Bacteriastrum varians. 
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Fully detailed reports upon the Foraminifera of our 
district by Mr. Siddall and others, and upon the Diatoms 
by Dr. Stolterfoth, will be found in the volumes of 
“Fauna of Liverpool Bay,’ published by the L.M.B.C. 
The rest of the marine plants, or sea-weeds, have been 
reported on by Professor Harvey Gibson. 

In the gallery of the Biological Station a selection of 
the common sea-weeds of the neighbourhood will be 
found laid out and named. 


PORIFERA (Sponcss). 
(Big: T1) 

We all know the bath sponge, but some people do not 
realise that it is only the horny skeleton of an animal, 
and that there are many sponges living in our own seas, 
some of which also form horny skeletons, but which would 
not be suitable for domestic use because of their contain- 
ing numerous microscopic sharp-pointed glassy spicules 
or bristles which strengthen and protect the body wall. 

If we omit the minute and very simple unicellular 
Protozoa, sponges are the lowest of animals. They are the 
lowest of the ‘‘ Metazoa,’ or animals whose bodies are 
built up of more than one cell. AI] animals from sponges 
upwards to the highest are Metazoa, so the primary classi- 
fication of the Animal Kingdom is into—(1) Protozoa, the 
first, lowest and simplest animals, and (2) Metazoa, all the 
rest. Wherever there are rocks and sea-weeds you can 
find sponges at low tide. For the most part they are 
found on the lower surface of stones, or in crevices of 
rocks, or sticking on the roots of large sea-weeds. Fig. 
II. shows three very common kinds of British sponges 
which are found almost everywhere round our coasts. 
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Sycon ciliatum (1) and Sycon (or Grantia) compressum (2), 
lke many others, have microscopic spicules made of hard 
chalk or carbonate of lime; while in most of our sponges, 
as in the crumb-of-bread sponge (Halzchondria panicea), 
shown at 3, the spicules are of silica or flint. This 
character enables us to distinguish two important sets of 
sponges, the Calcareous and the Siliceous. 


Fic. II., Sponges (natural size). 


Sponges were at first thought to be lifeless, then for 
a time they were regarded as plants. Professor Grant, 
after whom a common sponge was called “ Grantia,’’ first 
showed that they were animals, and that while alive a 
current of sea-water passes through the sponge—in by 
minute pores all over the surface, and out by one or more 
larger crater-like openings. 
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The reports upon the sponges of our district have 
been written by Dr. R. Hanitsch, formerly Demonstrator 
of Zoology at Liverpool University, now Curator of the 
Museum at Singapore. 


COfALENTERATA (ZoopuHytes AnD ANEMONES). 
(Pigs, “le toy VE) 


This important group of animals includes the plant- 
like Zoophytes, the Medusz or jelly-fishes, and our 


familiar Sea-anemones, as well as many animals, such as 


Fia. III., Zoophytes (1 and 2 magnified about 40 times, 3 naturalsize). - 


the reef-building corals, which are not found in our seas. 
Fig. III. shows pieces of several of our commonest British 
Zoophytes. They are all colonies or assemblages of small 
animals united together and fixed to one spot so as to 


' 


MARINE BIOLOGICAL STATION AT PORT ERIN. 83 


have a rooted plant-like appearance. But although rooted 
and branched, and known as animal-plants (Zoophytes), it 
must be remembered that these colonies are true animals, 
and are moreover not the lowest animals, or those nearest 
to plants, but are distinctly higher than the Protozoa and 
the Sponges. A piece of one of the “ Sea-firs,’ or Sertu- 
larian Zoophytes, is shown, natural size, at 3 (Sertularia 
abietina), where each of the little angular enlargements or 
projections on the stem and branches is a horny cup con- 
taining one of the members of the colony. Another 
Sertularian Zoophyte (Sertularella polyzonias) is seen 
enlarged in the living condition, under the microscope, 
at 1. The little members of the colony (the Zooids) are 
seen protruded from their delicate horny cases. Hach has 
an open mouth surrounded by about 20 delicate filaments, 
the tentacles, by means of which the Zooid catches food 
from the surrounding water. Hach such Zooid is very 
similar in structure and appearance to the little fresh- 
water Hydra, and consequently these colonies are 
frequently called ‘“ Hydroid Zoophytes.” 

Another common and closely related kind of Hydroid 
Zoophyte (Obelia geniculata) is seen at 2. This is called a 
“ Campanularian ’” Zoophyte because each cup containing 
a Zooid is bell-shaped and placed at the end of a ringed 
twig or handle. This figure also shows certain larger 
cases, in which are formed special buds that become 
detached as little glassy bells or jelly-fishes for the 
purpose of producing and scattering the eggs that will 
eventually give rise to new colonies. The fixed Hydroid 
Zoophyte thus gives rise by budding to free-swimming 
Meduse (like that shown at 10, fig. XII.); and the 
Medusa in turn produces eggs which give rise to fixed 
Zoophytes. Such a life-history is an example of 
“alternation of generations.” 
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Some of the shells inhabited by Hermit-crabs at Port 
Erin are partially covered by a brown horny crust, from 
which rises a delicate white fluff consisting of soft-bodied 
Zooids not provided with any cups or horny cases. ‘This 
animal is Hydractinia echinata, and it differs from most 
of the larger Zoophytes both in having the body of the 
Zooid unprotected by a hard “ perisarc’”’ and also in 
having no free-swimming medusoid buds produced in the 
life-history. 

Various reports upon the Hydroid Zoophytes, by Miss 
L. R. Thornely, will be found in our volumes. Mr. EH. T. 
Browne has contributed some papers on the Medusz from 
work done at Port Erin. 

Many of the smaller jelly-fishes of our seas are there- 
fore merely free-swimming stages in the life-history of 
Hydroid Zoophytes, and these are frequently spoken of as 
“ Medusoids.” Some of our larger Medusz, however, 
such as the Awrelza shown in fig. IV. are not produced as 
buds on a fixed Zoophyte colony, but have a somewhat 
different life-history. As fig. IV. shows, the fertilised egg 
of an Awrelia becomes an ovate free-swimming embryo 
which settles down and grows gradually into a Hydra- 
hke Zooid with a mouth and long tentacles. Then the 
body becomes transversely constricted and divided into 
many pieces, which, when completely separated, he like 
a pile of saucers or soup-plates. As they float away from 
the pile each such ‘‘ Ephyra ” is seen to be a little Medusa, 
and these detached segments of the fixed Hydroid soon 
grow into young Aurelias. 

Some of the larger Medusze which have masses of 
frills and filaments hanging from the under side of the 
bell are able to sting very severely by means of 
microscopic capsules which, when touched, discharge a 
barbed thread carrying probably a trace of some irritating 
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fluid. Amongst the rarer of the large Medusze which 
enter Port Erin Bay there is one (Pelagia perla) which is 
marvellously phosphorescent, glowing in the water like a 
ball of incandescent metal. 

Sea-anemones are abundant and varied round the 
South end of the Isle of Man. An anemone usually 
consists of a column-like body, attached hy its base to 


Fia. IV., Medusz (top central figure one-fourth natural size, 
the rest all enlarged about ten times). 


rock or stone, its free end forming a rounded disc fringed 
with several circlets of tentacles, and having an oval 
mouth in the centre. The mouth opens into a short tube 
or gullet, and this again into a spacious digestive cavity. 
The tentacles are charged with stinging threads (like 
those of the Medusz), with which the animal paralyzes 
its prey. Anemones are voracious feeders, and by means 


86 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


of their tentacles capture and convey to the mouth such 
varied creatures as prawns, small hermit-crabs, sea- 
urchins, small fish, &c., the shells and other undigested’ 
portions of which are eventually ejected through the 
mouth. 

Many Sea-anemones produce living young, which are 
extruded from the mouth, and resemble the parent form 
in all essentials. Others, such as the “ dahlia wartlet ” 


c 


or “crass” (Talia crassicornis) and the “sand pintlet ” 
(Halcampa chrysanthellum), lay eggs which undergo. 
development in the surrounding water. The “ snakelet ” 
(Anemonia sulcata) sometimes divides itself by a process 
of “ spontaneous fission ” into two equal portions, each of 
which becomes a perfect anemone. 

Fig. V. shows several of the more important kinds of 
anemones found at Port Erin, most of which are 
generally on view in the Aquarium. Actinia equina (or 
A. mesembryanthemum), No. 2, is the common dark red, 
smooth-bodied anemone which sometimes has a row of 
bright blue spherules round the body at the base of the 
tentacles. Metridiwm (or Actinoloba) dianthus (3) is the 
plumose anemone, found at low tide attached to the blocks 
of the old breakwater. It is generally of a pure white 
colour, but pink specimens are sometimes found. No. 4, 
Sagartia venusta, is a representative of a large group of 
small anemones to which the brilhant red and white ones 
of the Sugar-loaf Cave, and of the Clets in the Calf Sound, 
and the cave-dwellers (S. troglodytes) of pools at Fleshwick 
and elsewhere all belong. Haleampa chrysanthellum is a 
small and simple form found occasionally, and Bunodes 
verrucosa (or B. gemmacea), No. 5, is a pink anemone 
found in the pools at Port Erin and easily recognisable 
from its colour and the evenly roughened or papillose 
surface of the body. The large “crass” (Tealia 
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crassicornis) is often brilliantly striped and spotted with 
red and white, and usually attaches sand, shells and small 
stones to the outside of the body. It has a most voracious 
appetite, and large specimens have sometimes been seen 
to swallow, or rather stretch themselves around, shellfish 
of more than their own diameter. An anemone is known 
to have been cut in two by the shell of a large clam which 


{Halcampa chrysanthellum. 2 Actinia equina. 3 Metridium dianthus. 
4Sagartia venusta. & Bunodes verrucosa 


Fic. V., Sea-Anemones (about natural size). 


it had drawn into its gullet and then been unable to get 
rid of. We have one anemone (Anemonia sulcata), the 
“ snakelet,’’ which is unable to retract the tentacles. The 
“cloaklet” (Adamsia palliata) is one of the most 
interesting and beautiful of our local anemones. It is 
always found investing the molluscan shell inhabited by 
one of the “hermit” crabs (Hupagurus prideauai) (see 
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further on, fig. XVIII., No. 1), and is thus a commensal— 
a partner and not a parasite. When the hermit-crab grows 
too large for its shell it finds a new one, and with its 
great claws transfers its partner, the anemone, from the 
old to the new home. This anemone, although dredged 
from deep water, usually lives well in our shallow table 
tanks. Altogether we have found more than 20 different 
kinds of sea-anemones in the neighbourhood of Port Erin. 

Mr. J. A. Clubb, of the Liverpool Free Public 
Museum, is our local authority on sea-anemones, and has 
published several papers on the subject. 

Sea-anemones are the British representatives of the 
reef-building corals of tropical seas. The coral animals 
are colonies of polypes, each of which is somewhat like a 
sea-anemone with a calcareous skeleton. 

Our nearest representative of the Mediterranean 
animal which forms the red coral of commerce, is 
Aleyonium digitatum, sometimes known as “ Dead men’s 
fingers” or ““ Dead men’s toes.” This is a common, white, 
or orange colony, of fleshy consistency and lobed shape 
(see fig. VI., 1), which is found attached to the under side 
of the great blocks of the old breakwater at low tide. The 
surface of the colony is covered when alive and expanded 
with delicate, translucent anemone-like polypes, each of 
which has eight fringed tentacles surrounding a small 
central mouth. No. 2 shows a polype with its tentacles, 
and No. 3 some of the scattered spicules of carbonate of 
lime which are found imbedded in the flesh of the colony. 

No. 4 shows another much rarer animal (Sarcodictyon 
catenata), obtained by dredging in deep-water off Port 
Erin. It is closely related to Alcyonium, and figures 2 
and 5 show that the polypes are very similar, although the 
colony of Sarcodictyon (No. 4) has merely a creeping red 
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rootlet or “ stolon’’ connecting the bases of the small 
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conical polypes and generally attached to a dead shell or 
a piece of stone. No. 6 shows the spicules, which are red, 
and cause the colour of the colony. 

The “sea-pens,” so called from their resemblance to 
a quill pen or stiff feather, are not abundant in our seas, 
but sometimes occur. They live with the thicker, lower 
end of the stem embedded in the mud, and the beautiful 
feathery part that contains the polypes expands in the 
water above. 


5) 


Fig. VI., Aleyonium and Sarcodictyon (1 and 4 natural size, 
the rest magnified). 


Professor Hickson, of Manchester, has written our 
L.M.B.C. Memoir on Alcyonium, and Professor Herdman 
has contributed some papers on Sarcodictyon to our 
Reports. 


90 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


ECHINODERMATA (Srar-risuzs, &c.). 
(Figs. VII. and VIII.) 


Star-fishes, Sand-stars, Brittle-stars, Feather-stars, 
Sea-urchins and Sea-cucumbers are all characterised by 
having plates and spicules of lime in the skin which may 
project from the surface as spines. Hence they are known 
as “ prickly-skinned”’ animals (Echinodermata). They 
also have as another important characteristic a remark- 
able system of tubes containing a watery fluid, parts of 
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Fic. VII., Antedon (1 and 2 natural size, 3 magnified about 10 times). 


which can be protruded as suckers for locomotion. These 
sucking tubes can be seen acting as feet in star-fishes or 
sea-urchins creeping up the glass of an aquarium. In the 
Echinus shown at 5 (fig. VIII.) the short straight pointed 
projections are calcareous spines, and the longer flexible 
bodies are tube-feet, with suckers at their ends. 
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All the leading sections of existing Hchinodermata 
are found at Port Erin, as follows :— 

Crinorps, Feather-stars: Antedon bifida (fig. VII., 
1) is found in deep water off the cliffs, and often occurs 
in considerable numbers on the wicker creels used in the 
capture of crabs and lobsters, to which it clings 
tenaciously by means of its claw-like cirri. Its colour is 
variable. Some specimens are deep red, but the majority 
are of a dirty yellow tint, more or less mottled with rose 
colour, hence the name “ Rosy Feather-star ” often given 
to this animal. While it often remains in one position 
for a considerable time, Antedon can swim by means of its 
ten feathery arms, which are alternately flexed and 
extended with much grace and vigour. The food of 
Antedon consists of Diatoms and Infusoria (see fig. I.), 
which are caught by the delicate tentacles of the arms 
and passed along minute grooves in the latter to the 
mouth. 

In the young (“pentacrinoid”’) stage Antedon is 
fixed by a long stalk to the blades of the great brown oar- 
weed (Lammaria) as shown at 2, and magnified at 3. The 
pipe-like “ Encrinites,” so abundant in the limestone of 
Derbyshire and elsewhere, are the fossilised remains of 
the stalks of Crinoids, which flourished in the seas of the 
Carboniferous period, and some of which were of very 
large size. 

AsTERIDS: Asterias rubens, the common star-fish 
(fig. VIII., 2), is the most familiar example of this group. 
The mouth is in the centre of the under surface of the 
disc, from which’ the five rays or arms radiate. A deep 
groove, in which the numerous tube-feet are lodged, 
traverses the under surface of each arm, and at the 
extremity of each groove, just below the tip of each arm, 
there is an orange-red spot, the eye. In addition to the 
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common star-fish, there are usually to be seen in our tanks 
the Sun-star, Solaster papposus, with twelve to fifteen 
rather short rays radiating from a large circular disc, the 
brilliant red cushion-star Porania pudvillus, the flat 
pentagonal Palmipes placenta, and the pale strawberry 
Stichaster roseus, with a relatively small disc and long, 
gradually tapering rays. The three last named are 
obtainable only in deep water. Star-fishes are voracious 
animals, and often do harm to the fisheries, bivalve 
molluses such as the oyster, the mussel, and the scallop 
being their favourite food. 
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Asterina gibbosa, 2 Asterias rubens, 3 Ophiothrix fragilis, 4 Cucumaria planci, 5 Echinus esculentus. 


Fic. VIL., Echinodermata (natural size.) 


Oruturips, the sand-stars and brittle-stars, have long 
snake-like arms, sharply marked off from the disc, and 
have no suckers on their tube-feet. They have an 
interesting method of locomotion peculiar to themselves; 
instead of gliding along smoothly as the star-fishes do, 
they jerk their bodies along by alternately curving and 
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straightening their muscular and many-jointed, but 
fragile, arms. This group is usually represented in our 
tanks by Ophiothria fragilis (fig. VIII., 3), which lives 
under stones at extreme low-water mark as well as in deep 
water, where it is sometimes very abundant. A small 
species called Amphiura elegans, found in rock pools 
amongst Corallines and under stones, is a strikingly 
beautiful object when viewed under a microscope. 


Kcuinips, Sea-urchins: Almost every visitor to Port 
Erin is familiar with the common sea-urchin, Hehinus 
esculentus (fig. VIII., 5), either living on the rocks and 
the breakwater at low tide, or as dried and spineless shells 
exposed for sale outside the cottages of the fishermen. 
The shell is composed of a large number of calcareous 
plates, firmly joined together by their edges and arranged 
in ten double rows which run from pole to pole of the 
shell. All these plates bear small prvjecting knobs, to 
which the spines are attached, and those plates which 
form the five smaller of the double rows are perforated by 
pairs of minute holes, through which the watery fluid 
contained in a system of tubes inside the shell passes out 
into the tube-feet. These latter are the organs of locomo- 
tion, and may generally be seen in action on the living 
urchins in the aquarium tanks. The mouth is in the 
centre of the larger, flatter pole of the shell, and is armed 
with five powerful jaws, which together form a rounded 
pyramid, commonly called Aristotle’s lantern. Each jaw 
carries a long pointed white tooth, which projects from 
the mouth. The smaller, dull-green urchin which is 
generally on view in our tanks is Hchinus miliaris. It is 
found in rock pools and under stones at low tide. The 
fragile “ heart ” urchin, M/chinocardiwm cordatum, burrows 
a few inches below the surface of the sand exposed only 
at low spring tides in the centre of the beach, and, as it 
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does not long survive removal from its habitat, is seldom 
seen living in the tanks. Specimens of this, and of several 
related species, may, however, be seen in one of the 
Museum cases in the gallery. 

HoLorHuRips, Sea-cucumbers: The commonest local 
representative of this group is Cucumaria planed (fig. 
VIII., 4), an elongated, worm-like animal, with a mouth 
surrounded by a crown of tentacles at one end, while rows 
of tube-feet with suckers run down the five angles of the 
body. The tough, leathery skin is strengthened by 
calcareous plates. Another species, Synapta digitata, is 
occasionally found burrowing in the sandy gravel at low 
tide. It has anchor-shaped spicules in the skin, and no 
tube-feet. Other sea-cucumbers are dredged from deep 
water. The calcareous plates in the skin of some form 
beautiful objects under the microscope. 

The eggs of all these common Echinoderms develop 
first into minute larvae which are quite unlike the parents 
in appearance and structure, and are found floating on the 
surface of the sea. A larval Ophiurid, called ‘ Pluteus,” 
is seen at 8, and a larval star-fish, called “ Bipinnaria,” 
at 7, on fig. XII. 

Mr. H. C. Chadwick, the Curator of the Biological 
Station, is our local authority on Echinodermata, and has 
written a Memoir on Hchinus and several other papers for 
our series of volumes. 


VERMES. 
(Figs. IX. and X.) 


There are very many kinds of marine worms. Some 
are microscopic, some are parasitic in or on other animals, 
and some are lowly developed and very sluggish, and 
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inhabit mud and decaying sea-weeds, such as species of 
Tetrastemma and Lineus, usually to be seen in our smaller 
aquaria. We shall only illustrate here a few of the higher 
forms of worms, which are of fair size, of active habits, 
and are provided with feet or bristles on the segments of 
the body. These higher bristle-bearing marine worms, 
or ‘‘ Annelids,” fall into two sets—the Errantia, those that 
wander freely, creeping over rocks and sea-weeds and 
under stones, and the Sedentaria, those that inhabit tubes 
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Fic. IX., Annelids (1 and 2 natural size, 3 magnified about 10 times). 


either fixed or moveable. Amongst the commonest of our 
' Krrant Annelids are the Nerets pelagica (1) and the 
Polynoe (Lepidonotus squamatus) (2) shown in fig. IX. 
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No. 3 on the same figure is a Sedentary Annelid, the little 
Spirorbis borealis, which makes small spirally coiled white 
calcareous tubes on the surface of stones, dead shells, and 
coarse sea-weeds all round our shores. The tube alone 
looks like a little shell, but it is a worm which builds it 
and lives in it, and which while alive can protrude from 
the opening a beautiful plume of delicate branched 
tentacles, as is seen in the figure (IX., 3). Another 
common Sedentary Annelid, Serpula, makes larger white 
calcareous tubes, and is frequently seen in our tanks. 
These are only a few of the very many kinds of bristle- 
bearing marine worms or Annelids (for a full list see the 
report in our “ Fauna,” by Mr. J. Hornell). Other 
common species on our shores are the fisherman’s lug- 
worm, Arenicola marina, and the sea-mouse, Aphrodite 
aculeata, both found burrowing in sand. ‘These and 
various other kinds are generally to be seen in the shallow 
table tanks of the Aquarium. Some of the Sedentary 
Annelids inhabit tubes made of sand grains, and one of 
the members of the Liverpool Marine Biology Committee, 
Mr. Arnold T. Watson, F.L.S., has devoted much time 
and trouble to a careful study of the methods in which 
these worms build up their very beautiful houses by 
selecting and cementing together particles taken from the 
surrounding sand and water. The six little drawings on 
fig. X. are copied from the illustrations to one of Mr. 
Watson’s scientific papers, and they show the front end 
of the body and sandy tube of Terebella conchilega, a 
common Sedentary Annelid found in abundance sticking 
out of the sand at low water near Port Erin harbour. The 
middle figure in each row shows the head of the worm 
placing sand grains on the top of its tube, like bricks upon 
a wall, while some of the other figures show how the 
delicate tentacles capture and convey sand grains and 
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stick them together to form the branched sandy filaments 
which surround the upper end of the tube. The right- 
hand lower figure shows the completed structure. ‘Two 
curious pelagic or free-swimming worms are shown in 


See 
(Ty oon 
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Fie. X., Terebella (about natural size). 
fig. XII., viz., Sagitta bipunctata at 2, and Tomopteris 
onisciformis at 4. These are caught on the surface of the 
sea by means of tow-nets. 


POLYZOA. 
(Fig. XI.) 
On sea-weeds and under stones on the shore there 
are found many beautiful little colonies of worm-like 
animals, which, from their compound condition, are called 
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Polyzoa. Some are erect branched colonies (see fig. XI., 
1 and 4) like Zoophytes, from which they can only be 
distinguished by the microscope; others are flat and 
incrusting (No. 3), and have a limy covering so as to be 
quite hard and brittle; some of the colonies form net- 
works extending for many square inches over the surfaces 
of stones and the blades of the great brown oar-weed. 
Flustra, the “ sea-mat” (No. 1), is frequently found cast 
up amongst sea-weeds. A small piece is shown magnified 
at 2. Bugula (No. 4) is usually obtained by dredging; 


Fic. XI., Polyzoa (1, 3 and 4 natural size, 2 and 5 magnified). 


part of the colony, alive and expanded, with polypites and 
“ birds-head”’ processes, is shown at 5. Forms like 
Lepralia (3) are found under stones and on shells in rock 
pools. Specimens of these and other kinds of Polyzoa are 
generally to be seen in our tanks at the Aquarium, but in 


order to see their minute structure and wonderful beauty 


the microscope is required. The reports in our “ Fauna” 
are by Miss L. R. Thornely. 


EE ——————————— 
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CRUSTACEA. 
(fies XIT. fo XX) 


Crustaceans are animals such as crabs and lobsters, 
shrimps and prawns, sand-hoppers and barnacles, along 
with innumerable smaller forms, ‘‘ water-fleas”’ and the 
like, which abound in almost all parts of our seas. They 
all have segmented bodies and jointed legs, and a hard 
shell or covering to the body. They are, then, “ shell- 
fish ”’ of a kind, but they differ from the true shell-fish, 
such as oysters and periwinkles, in having segments and 
legs. Once the difference has been pointed out, no one 
can mistake a shrimp-like shell-fish for a cockle-like shell- 
fish: the former are Crustaceans and the latter Molluscs. 
It is better to reserve the term shell-fish for the Molluscs. 
Among the most abundant of lower Crustaceans are the 
rock-barnacles or acorn shells (Balanus) which are so 
abundant on rocks round our coast, and which by their 
white limy shells closely placed on the dark grey rock of 
Bradda Head give at low tide the appearance of a belt of 
whitewash encircling the base of the cliff. The ship- 
barnacle (Lepas) is closely related to Balanus. Its home 
is on the open sea, but specimens are occasionally drifted 
in to Port Erin. Once we captured a floating ship’s 
bucket, which was covered inside and out with adhering 
barnacles, some large and some small; and on another 
occasion two large logs came ashore in the bay bearing 
great fringes of living ship’s barnacles hanging from 
their sides. 

Most of the lower Crustacea (or H/ntomostraca), unlike 
the barnacles, are free-swimming; and from their small 
size, somewhat insect-like appearance and legs, and their 
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active movements, some of them are often called ‘“ water- 
fleas ” (see fig. XII., at 9 and 12). 

The most important group of the Entomostraca is the 
Copepoda. These little “water-fleas” are exceedingly 
abundant in the sea, and are of great economic import- 
ance. It has been calculated that under each square 


Fic. XII., ‘‘ Plankton,”’ or floating organisms from the 
tow-net (mostly enlarged). 


metre of the surfave of the Baltic there are one million 
Copepods, and that these use annually 4,730 millions of 
the small Ceratiwm (see before, fig. I.) as food. Herrings 
feed largely on Copepoda, and for a square mile of surface 
water it has been shown that the annual consumption of 
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Copepoda is nearly 1,000 billion. Now a billion of Cope- 
poda yields not less than 1,500 kilograms of dry organic 
substance, and consequently in the 16 square miles of a 
certain Baltic fishery the German biologists consider there 
exists Copepod food for over 530 millions of Herring of an 
average weight of 60 grammes. 

Two common Copepods are shown in fig. XIL, 
Temora longicornis at 9, and Pseudocalanus elongatus at 
12. Hach of these is about $ of an inch in length. The 
late Mr. Isaac C. Thompson, F.L.S., was a well-known 
authority on the Copepoda, and has written many reports 
and papers published in our volumes. Mr. Andrew 
Scott, A.L.S., is now our local worker on this important 
group, and author of many of our reports. 

When a fine muslin or silk tow-net is drawn through 
the water of Port Erin Bay for a few minutes, at almost 
any time of the year, a number of small free-swimming 
plants and animals are captured. Such organisms are 
known collectively as “ Plankton.” Some of the more 
minute and simple of these (Protozoa and Diatoms) were 
shown in fig. I., while a number of the commoner and 
larger kinds of “ Plankton” are represented in fig. XII. 
They are evidently a mixture of young and old belonging 
to different groups of animals. 

1. is the “ Nauplius,” or larval stage of the lower 
Crustacea, such as Copepoda. x 20. 

rx. 18 Sagitta brpunctata, the arrow-worm, adult. 
x 2. 

3. 1s the larval stage of a univalve Mollusc. x 30. 

4. is an adult Tomopteris onisciformis, a curious 
transparent worm. x 2. 

5. is the larva of a Polyzoon. x 30. 

6. is a larva of a Polychaete worm (Werine). x 380. 

7. is the larva of a Star-fish. x 40. 
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8. is “ Pluteus,” the larva of an Ophiuroid. x 30. 

9. is an adult Copepod, Temora longicornis. x 10. 

10. is Sarsia tubulosa, one of the Medusoids derived 
from a Zoophyte. x 2. 

11. is Pleurobrachia pileus, an adult Ctenophore 

related to Medusz. Nat. size. 

12. is Pseudocalanus elongatus, an adult Copepod. 

ult. 

13. is a pelagic fish-egg containing the young fish. 

x 10. 

Coming now to rather higher and larger Crustacea, 
figure XIII. illustrates the Amphipods or Sand-hoppers, 
and figure XIV. the Isopods or Sea-slaters. These two 
groups are Closely related. In the Amphipods the body 
is compressed from side to side, the back is generally 
curved, the legs are long, and face some forwards and 
the others backwards (see fig. XIII., 1), while a favourite 
mode of locomotion is by a series of leaps. The leap is 
effected by means of the hindmost or tail legs, which are 
bent forward under the body, and then suddenly 
straightened out so as to toss the body up in the air. 
The Amphipod shown at 1 (Orchestia littorea) performs 
this action. Some kinds of these Amphipods are 
extremely common on our sandy shores, especially under 
stones or pieces of decaying seaweed. Others, like the 
Corophium grossipes shown at 2, burrow in the sea- 
bottom, where some construct tubes and nests of mud or 
sea-weeds. The curious skeleton-like Caprella linearis (3) 
creeps up sea-weeds and Zoophytes, and is sometimes seen. 
in eccentric and acrobatic attitudes, such as holding on 
to a branch by one claw or balancing on one hind leg. 

The commonest sand-hopper on Port Erin beach is 
Orchestia gammarelus, and this sometimes, when a high 
tide is accompanied by a shower of rain, swarms out of 
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the sea on to the land in great quantity. On several 
occasions during the last ten years these swarms have 
ascended the concrete walls and steps from the beach, and 
have invaded the old Biological Station in great 
numbers, hopping over the floor and climbing the walls, 
so as to get on to tables and shelves. 


1 Orchestia lillorea 2 Corophium grossipes 
Caprella linearis 
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Fic. XIII., Amphipoda (enlarged 5 times). 


The Isopods, unlike the Amphipods, have for the 
most part broader and flatter bodies (fig. XIV.), are 
depressed from above downwards, have the legs shorter 
and less conspicuous, and run or creep in place of leaping. 
The tail legs which were used for leaping in the Amphi- 
pods are in part breathing organs in the Isopods, and 


104 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


these modified limbs are enclosed within flap-like folding 
doors. Many of the Isopods, although true water- 


breathers, can live the greater part of their time on 


land. Jdothea baltica, shown at 1 (fig. XIV.), is com- 
pletely aquatic, and lives on green and brown sea-weeds, 
which it generally resembles closely in colour; while 
Ligia oceanica (No 3) is found at or even above high tide 


mark, generally hiding in crevices of the rock or between, 


1 Idothea balltica. 2. Astacilla longicornis 3 Ligia oceanica. 
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Fig. XIV., Isopoda (slightly enlarged). 


the stones of a pier during the day and coming out to run 
about and feed at night. Astacdlla longicornis (2) is of a 
white colour, and can only be obtained from the deeper 
water outside the bay by dredging. Our authority on 
the Amphipods and Isopods and all higher Crustacea is 
Mr. A. O. Walker, F.L.S., a member of the Committee. 
The highest Crustacea, such as crabs and lobsters, 
shrimps and prawns are known as Decapoda because they 
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have 10 large or conspicuous legs or claws, 5 on each side 
of the body. There are also about 14 other pairs of much 
smaller legs, jaws and feelers which are not so con- 
spicuous. 

Figure XV. shows (2) the common shrimp (Crangon 
vulgaris) and (1) one of our common prawns (Pandalus 
annulicornis). Shrimps are nocturnal animals, lying for 


Fig. XV., Prawn and Shrimp (natural size). 


the most part during the day buried in sand with only 
the tips of the stalked eyes and the long delicate feelers 
projecting above the surface. Prawns, on the other 
hand, are active during the day, prowling about con- 
stantly in search of food. They live amongst rocks and 
sea-wecd. While alive their bodies are transparent or 
pale green, usually beautifully marked with blue, and 
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sometimes green, yellow and purple lines. It is only 
after death that the prawns become opaque, and more or 
less red in colour. Shrimps are not so transparent when 
alive, and do not become so red when boiled. They are 
grey, and are usually speckled and mottled with black 
and white so as to be very much of the same appearance 
as the sand in which they live. As the figure shows, the 
prawn has more of a hump on its back than the shrimp, 
and can be easily distinguished by the long spiny snout 
or “rostrum” between the eyes. There are many other 
differences, and it must also be remembered that we have 
several kinds of shrimps and several different kinds of 
prawns in our seas. 

The lobster (Homarus vulgaris) is one of the most 
familiar of the higher crustacea, and scarcely needs 
description. Its appearance when living in our tanks 
differs remarkably, however, from that of the almost 
lifeless animal so often seen on the fishmonger’s slab. 
When placed in a tank its first care is to select a con- 
venient hiding place amongst the large stones. This it 
does by means, in the first place, of its long antenne or 
feelers, which are waved about in any likely hole or 
crevice, and, should this preliminary examination be 
satisfactory, the great claws are then inserted. When 
assured that no enemy lurks within, the lobster takes 
possession by turning and backing quickly into the hole. 
Once comfortably lodged, it lies almost motionless in its 
house, with the tips of the great claws close together at 
the entrance, the long feelers waving very slowly to and 
fro outside, while the antennules or short feelers are 
frequently and sharply jerked in much the same way 
as a driver uses his whip. A would-be intruder is 
promptly attacked and driven off, and these encounters 
with other lobsters occasionally result in the loss of one 
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or both the great claws, which can, however, be replaced 
after a time. Little is known as to the food of the lobster 
when at large’in the sea. In captivity it readily takes 
pieces of fresh fish, in search of which it is apparently 
guided by the sensory antennules, by smell rather than 
by sight. 

Growth takes place only when the shell is cast and 
while the new shell is hardening. Casting occurs about 
every seventh day during the first few weeks of life, but 
less and less frequently as age advances. When the shell 
is cast the soft membrane between the shell covering the 
fore part of the body and that of the tail splits. The 
fore part of the body is then withdrawn from the shell, 
and carries with it the great claws, walking legs, feelers, 
jaws and other appendages of the mouth, and the lining 
of the stomach with its horny grinding teeth. Finally 
the tail is withdrawn and the lobster is free. The new 
shell is formed beneath the old one, and is at first quite 
soft. The majority of adult lobsters cast in the months 
of July, August and September. Should one of a number 
of lobsters confined together in a tank cast its shell it is 
almost invariably attacked and severely mutilated by the 
others. Growth is slow: a lobster 9 to 10 inches long is 
probably four to five years old. 

The female lobsters spawn during the months July, 
August, September and October, and a specimen 11 to 12 
inches long will produce 11,000 to 12,000 eggs. These 
are attached to the swimmerets of the tail, and are there 
carried until the following year, the majority hatching 
out during a period which corresponds pretty closely 
with that of spawning. The young are at first free 
swimming, and pass through a succession of changes of 
structure before the adult condition is reached (figs. XVI. 
and XVIT.). 
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Fic. XVI.—Stages in the development of the Lobster.—1, larva 
immediately after hatching; 2, one day old; 3, after first 
casting; 4, after second casting; 5, after third casting; 
la, 2a, 3a, 4a, 5a, tail seen from above at corresponding 
stages. (All magnified 5 times.) 
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The sea-crayfish or Norway Lobster (Nephrops nor- 
vegicus), though differing in size, shape and colour, is 
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Fie. XVII.—Young Lobster or ‘‘ Lobsterling’’ stage, after the fourth 
casting (magnified 5 times.) 


a near relative of the common lobster. It occurs in large 


numbers at moderate depths in the Irish sea, and 1s 
H 
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deservedly esteemed as food. The large spiny lobster or 
crawfish (Palinurus vulgaris) is also edible, but its flavour 
is generally considered to be less delicate than that of the 
common lobster, from which it differs structurally in the 
shape and relative size of the large claws, as well as in 
certain other less obvious features. Its large size and 
long, stiff feelers probably account for its infrequent 
capture in the creels and cages of the lobster and crab 
fisherman, but specimens occasionally become entangled 
on long lines and are so brought to the surface. When 
taken from the water it produces a peculiar grunting 
sound by rubbing the bases of the long feelers against 
the hard frontal projection of the carapace, or shield-like 
shell which covers the fore part of the body. 

Mr. Robert Okell, F.L.S., carefully estimated the 
number of eggs borne by two female specimens of this 
animal, and found that one, weighing 33lbs., had 137,000, 
while the other, weighing 5lbs., had 180,000. 

There is one little prawn, Hippolyte (or Virbzus) 
varians, which is found amongst sea-weeds and in pools 
at Port Erin, and which is of most varied colour according 
to its surroundings. Specimens living amongst green 
weeds are bright green in colour, and even the eggs laid 
by the prawn are green; when amongst brown weeds, as 
it often is, it is of a dark brown colour, and when in red 
and variegated weeds it is red, or speckled with various 
colours. Moreover, individuals can to a considerable 
extent change their colour when the environment is 
altered. The first Port Erin Annual Report (1893) 
contained a short account of this animal, with a plate 
showing the chief colour variations. Since then Messrs. 
Gamble and Keeble have made a number of interesting 
experiments, and have shown that at night the colour of 
all varieties is a deep blue, 
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The Decapoda or higher Crustacea may be divided 

into 3 sets :— 

(1) Those that have the tail part or abdomen 
stretched out behind the carapace or shield that 
covers the head and thorax, as in _ lobsters, 
shrimps and prawns (Macrura). 

(2) Those where the abdomen is smaller and is folded 
up underneath the carapace, as in_ crabs 
(Brachyura). 

(3) Those where the abdomen is neither completely 
stretched out nor folded up, and is often 
anomalous in shape, as in hermit crabs 
(Anomura). 

Figure XV. shows Macrura, fig. XIX. Brachyura, and 
fig. XVIII. two interesting kinds of Anomura, which we 
generally have on view in the Aquarium. No 2 is 
Galathea squamifera, the ‘ squat-lobster,” of which one 
kind, of a blackish colour, is frequently found under 
stones at low tide in Port Erin Bay, while another bright 
red kind is obtained from deeper water by dredging. The 
abdomen, it will be seen, is partially turned under the 
body, but can be extended and flapped up and down 
when swimming. The other figure (1 in fig. XVIII.) shows 
a “hermit crab” (Hupagurus prideauan), with its 
anomalous abdomen tucked into an old Molluscan spiral 
shell, on the outside of which is the special kind of sea- 
anemone Adamsia palliata, mentioned before. These two 
very unlike animals, the hermit-crab and the sea- 
anemone, seems to be mutually helpful; the crab carries 
about and incidentally feeds the anemone, while the latter 
by its stinging threads possibly keeps off fishes and other 
enemies, and so protects its partner in this strange 
association. 


The highest of Decapod Crustacea are the Brachyura, 
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or Crabs, which have the abdomen permanently tucked 
up under the carapace, so as not to be visible from above 
(see fig. XIX.). The 10 conspicuous legs, which give 
the name “ Decapoda,” are clearly seen, while smaller 
ones will be found about the mouth on the under side. 
The appearance of the edible crab (Cancer pagurus) and of 


Fia. XVIIL., Anomura (natural size). 


the common shore crab (Carcinus menas) are well known; 
and the figure shows, at 1 the “ Fiddler” or swimming- 
crab (Portunus puber) with flattened paddle-like hind legs, 
and at 2 one of the long-legged spider-crabs (Stenor- 
hynchus phalangium). Some of the spider-crabs are 
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frequently found to have their shells covered by a dense 
growth of small sea-weeds, zoophytes, and sponges, which 
to some extent conceal the crab from observation when 
it is in a rock pool or on the sea-shore at low tide. These 
sea-weeds are found to be attached to little hooked spines, 
and observations have shown that the crab attaches the 


Fic. XIX., Brachyura (Natural size). 


sea-weeds to them itself, apparently with a view to its 
own disguise. We have generally some specimens of the 
spider-crab, Hyas araneus, showing this concealment in 
the tanks at Port Erin. ‘Some other kinds of crabs are 
so shaped and coloured as to be very like the stones and 
other objects amongst which they live. Some again 
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cover their backs with sponges or Ascidians, possibly as 
disguise, more probably because such animals are 
distasteful to the fishes that might eat the crab. 

All the crabs, as well as lobsters and shrimps, as they 
grow larger, periodically throw off or “cast” their hard 
shells so as to permit of expansion. This process of 
“ecdysis”’ may sometimes be seen taking place in an 
aquarium, and it is so complete that not only is the outer 
covering of the body shed, but every limb is drawn out 
of its hard sheath, and the coverings of the eyes and the 
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lig. XX., Young Crabs (enlarged). 


delicate feelers and gills and even the cuticular lining of 
the stomach are all cast off. For some time after this the — 
crab remains in a feeble and defenceless condition, but 
swollen up with water, while its new shell is forming and 
hardening. Such “soft” crabs generally hide, and are 
recognised as being unfit for eating. ae 
The life-history of the shore-crab (Carcinus menas) is 
interesting, and figure XX. shows two of the more 
important free stages. The developing eggs are carried 
about as an orange or dark brown mass underneath the 
abdomen, and when the young animals hatch out they are 
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called “Zoeas” (1) and are quite unlike the old crab. 
They have a large jointed abdomen and several long 
spines sticking out from the body. They swim freely on 
the surface of the sea, and are frequently caught in the 
tow-net in summer and autumn. After a time the Zoea 
grows larger, casts its skin, and becomes the next stage, 
or “ Megalopa” (2) which is much more like a crab, but 
has very conspicuous eyes (hence its name), and still uses 
the out-stretched abdomen for swimming on the sea- 
surface. The older Megalopa begins to haunt the sea- 
weedy shores and may be found in rock pools, and so 
gradually grows into the smallest size of crab. 

Several reports upon the crabs and other Higher 
Crustacea, by Mr. A. O. Walker, will be found in our 


volumes. 


MO 1G WS CA: 
(Figs. XXI. to XXIV.) 


The Molluscs, such as cockles and whelks, are the 
true “shell-fish.”’ They have no joints or segments, and 
no legs, and the soft body is covered by a hard limy shell 
which is generally in only one (univalve, such as whelk) 
or in two (bivalve, as in oyster and cockle) pieces, the 
valves. A few Molluscs, the sea-slugs (fig. XXIV.), have 
no shell when adult; while the Cuttlefishes have either no 
shell, or a shell of a very special kind unlike that of 
common univalves and bivalves. Figure XXI. shows a 
group of representative Mollusca. 1 is the large scallop 
(Pecten maximus) with the rounded valve below and the 
flat one above, the hinge where they join being at the 
figure 1. Round the opening between the margins of 
the valves is seen the soft edge of the body fringed with 
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feelers and a wonderful row of gleaming eyes. No 2 is 
also a bivalve (Mactra truncata), but is one which burrows 
in sand by means of the long blade-lke “foot” seen to 
the right of the figure (the animal’s anterior end), while 
at the opposite (posterior) end is seen a double barrelled 
tubular arrangement by means of which supplies of water 
are drawn into the body and ejected. The razor-fish 
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Fra. XXI., Mollusca (a little reduced). 


(Solen siligua) is another bivalve which is abundant in the 
sand exposed at low water of spring tides in Port Hrin 
Bay. It lives in a burrow which traverses the sand in a 
slightly oblique direction to a depth of two feet or more, 
and its rapid movements up and down this are effected by 
the powerfully muscular foot, a long cylindrical organ 
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which can be protruded from the anterior end of the shell 
for a considerable distance. The mussel (Mytilus edulis), 
see fig. XXII., and various kinds of Venus and Tapes are 
common at Port Erin. No 3 is the curious little slug- 
like Molluse, Chiton levis, frequently found under stones 
and in pools, and quite exceptional in having the shell 
represented by a series of eight pieces arranged along the 


Fie. XXII.—Mytilus edulis, the Common Mussel (natural size.) 


back like a series of overlapping tiles. This leads to the 
ordinary univalves (Gastropoda), of which we have an 
example in the common dog-whelk (Purpura lapillus) 
at 4 on fig. XXI. These animals have a broad creeping 
“foot,” like that of the garden snail, with the head and 
mouth in front and the tail behind. The spirally coiled 
univalve shell is balanced on the back, and all can be 
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drawn up into it when the animal retreats. In some 
cases there is a lid (the operculum) upon the tail which fits 
the opening of the shell. The yellow egg-capsules of 
Purpura are seen at 4a. From 10 to 20 eggs are as a 
rule laid in each capsule, but of these only one reaches 
maturity and emerges as a young Purpura. That one is 
in every sense representative of its brothers and sisters, — 
as it has eaten all the rest. Various kinds of periwinkle 
(Littorina) and the only kind of Cowrie (Cyprea 
europea) found in our seas are generally present in the 
Aquarium. 

The two remaining animals shown in fig. XXI. are 
Cuttlefishes (Cephalopoda). No 5 is the common squid 
(Loligo vulgaris), with eight short “arms ” and two longer 
“tentacles ” attached to the head, and all of them bearing 
suckers. oligo has an internal shell shaped like a 
short Roman sword, and made of a flexible transparent 
horn-like substance. The remaining Cephalopod (No. 6) 
is a kind of “ Octopus” called Hledone cirrosa. It has 
only the eight sucker-bearing arms, the body is shorter and 
rounder than in the squid, and there is no shell of any 
kind, external or internal. This animal is found in many 
parts of the Irish sea, and is generally on view in our 
tanks. It differs from the true Octopus (Polypus 
vulgaris), which has two rows of suckers on its arms, in 
having one row only, and the ground colour of the body 
is of a lighter hue than that of the Octopus. It is a 
voracious animal, and feeds when in captivity upon living 
crabs and crayfish, which it readily devours by means of 
its powerful, horny beak, something like that of a parrot, 
which is lodged just inside the mouth, the aperture of 
which forms a sort of centre from which the eight rows 
of suckers radiate. The pulsating movement seen when 
the animal is at rest is respiratory. Water is admitted 
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through the transverse slit-like opening on the posterior 
surface of the body into a spacious cavity, in which a 
pair ef plume-like gills is situated. The opening is 
then closed, and the water forcibly ejected through the 
funnel—a chimney-like organ, the rounded aperture of 
which may always be seen projecting to one side beneath 
the head. These movements, repeated with greater 
rapidity and force, are subservient also to swimming, the 
animal being driven backwards at considerable speed. 
When alarmed or irritated the animal can eject through 


Fig. XXIII.—Eledone cirrosa, the local ‘‘ Octopus’”’ (reduced to 
one-sixth of natural size.) 


the funnel into the surrounding water a quantity of inky 
fluid. This is secreted in a glandular sac which opens 
into the respiratory chamber, and is similar to the sepia 
of the cuttlefish. 

The soft skin of the Cuttlefishes is coloured yellow, 
red and brown by little sacks full of pigment grains, and 
these sacks can be so varied in shape as to change the tint 
of the animal in accordance with its surroundings. In 
little baby cuttlefishes from + to 4 an inch in length this 
instantaneous change in colour, or “ blushing,” can be 
seen most beautifully as the little animals just hatched 
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from the egg dart about the tank from darker to lighter 
coloured parts. 

Some Gastropods, such as the sea-hare (Aplysia 
punctata), found by dredging in the bay, have very small 
shells, which do not cover the body. 

The common limpet (Patella vulgata) is frequent on 
the shore, and the beautiful transparent brown Helczon, 
with its radiating lines of delicate turquoise blue, is found 
at low tide on the blades and stems of the oar-weed. 


Fig. XXIV. 


Nudibranchs (slightly enlarged.) 


Reports upon the various groups of shell-bearing 


Mollusca, by Mr. R. D. Darbishire, Mr. F. Archer, Dr. 


W. E. Hoyle and Mr. A. Leicester will be found in the 
volumes of our “ Fauna.” 

There is one set of Molluscs related to the ordinary 
univalve Gastropods which have lost their shells. These 
are the Nudibranchs or sea-slugs, four common kinds of 
which are shown in fig. XXIV. No. 1 is the large yellow 
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sea-lemon (Archidorts tuberculata) frequently found in 
rock pools during the spring and summer; 2 is the rarer 
and smaller Polycera quadrilineata, marked with yellow 
spots and found sometimes creeping on the blades of 
Laminaria; 3 is Eolis tricolor, one of the most graceful 
and brilliantly coloured of the sea-slugs; and 4 is the 
little Doto coronata found on colonies of Zoophytes, upon 
which it feeds. The brightly-coloured projections on the 
back of Holis have batteries of microscopic stinging 
threads which can be discharged instantaneously into any 
offending animal. Those sea-slugs which have no stinging 
organs are for the most part coloured and shaped so as 
to closely resemble their natural surroundings, and so 
escape the observation of their enemies, while those (like 
Kolis) with offensive organs are conspicuous and bril- 
hantly coloured, as if to warn other animals to avoid 
them. In losing the shell these Molluscs have lost a 
protection against injury, and this loss is compensated by 
the colours and appearance of the soft bodies, which in 
some cases are of a protecting and in other cases of a 
warning nature. The spawn of the sea-slugs is deposited 
in long ribbon-like or cord-like convoluted white masses 
on stones and weeds. A small piece contains many 
hundreds of minute embryos which, when hatched, have 
for a time little cap-like shells. This leads us to believe 
that the sea-slugs are descended from ordinary. shell- 
bearing Molluscs. 

Papers and reports upon the Nudibranchs, by 
Professor Herdman and Mr. Clubb, will be found in our 
volumes. 
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TUNICATA. 
(Fig. XXV.). 


The Ascidians, or sea-squirts, are not so well known 
to the public as they deserve to be. They are very 
common, very varied, and some of them very beautiful. 
Most of them when adult stick to stones or sea-weeds, and 
they are of two kinds—the Simple Ascidians and the 
Compound Ascidians. A Simple Ascidian, such as Asczdia 
(fig. XXV. 1), is a grey sack-like body from 1 to 6 
inches in length, having a tough skin (the “Tunic,” hence 


Fic. XXV.—Tunicata (natural size.) 


Tunicata) and two openings through one of which the sea- 
water is drawn in, while it is squirted out through the 
other. When touched incautiously, the animal contracts 
and emits sudden jets of sea-water from both apertures, 
thus vindicating its title to the popular name ‘‘sea-squirt.” 
The name Ascidian (from the Greek “ Ascos,” a leathern 
double-necked bottle) is given in reference to the bag-like 
shape and the two apertures. ‘There are many interesting 
and some puzzling points in connection with the structure 
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and mode of life of Asczdza, but these would require many 
figures and a microscopic examination of the animal for 
their exposition. Another simple Ascidian which we 
frequently have in the Aquarium is Styelopsis grossularia 
(2), “the red-currant squirter of the sugar-loaf rock,” as 
it has been called, because of the myriads which cover 
with a red papillated surface many square yards of the 
cliff in the beautiful caves near Spanish Head. 

Compound Ascidians are colonies each member of 
which is very much like a Simple Ascidian in structure, 
but they are all united together by one covering or tunic. 
A common and very brightly coloured kind of Compound 
Ascidian is Botryllus, shown at 5 in fig. XXV., and 
commonly found under stones about low-water mark. The 
colony is marked with bright stars and wheels, each ray of 
which is a separate member of the colony, with complete 
organisation of its own. There are many other kinds of 
Compound Ascidians (such as that shown at 4); they rival 
the sponges in their curious shapes and _ brilliant 
colours. No.3 is Clavelina, where beautifully transparent 
individuals are united by a creeping root. It is sometimes 
found in the deeper rock-pools at Port Erin. 

The egg of an Ascidian develops into a minute 
tadpole-shaped larva which has a back-bone running 
along its tail and a nervous system with a brain, contain- 
ing an eye and an ear. In fact, the structure of this 
Ascidian larva is very like that of any young vertebrate 
animal, and if it remained in this condition for life it 
would be proper to classify it along with the lowest fish- 
lke vertebrates. But it does not soremain. After a brief 
free-swimming existence it becomes attached to a rock or 
sea-weed, and settles down for the rest of its life. Then 
degeneration sets in. The backbone, the brain, the eye 
and the ear 


all the evidence of its high organisation and 
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active early life—break up and disappear, and the free 
tadpole becomes reduced to the sedentary sack-lke 
Ascidian. This life-history is a good example of 
degeneration, and it also shows us that Ascidians are 
derived from ancestors which were once related to the 
backboned animals. 

There is one of the Tunicata which remains free- 
swimming all its life, and has a backbone in its tail. It 
is called Appendicularia, and we frequently catch it in 
the tow-net in Port Erin Bay. 

The reports upon the Tunicata in our series are hy 
Professor Herdman, and the first of the L.M.B.C. Memoirs 
is on “ Ascidia.”’ 


FISHES. 
(Figs. XXVI. to XXXI). 


All fishes may be divided into two great classes—the 
cartilaginous and the bony. To the former class belong 
the well-known dog-fishes, sharks and rays, the skeletons 
of which are composed of cartilage; and to the latter all 
those fishes, such as the bream, gurnard, mackerel, wrasse, 
cod, plaice, sole, salmon, herring and conger, the skeletons 
of which are composed, wholly or in part, of true bone. 
There are about 150 different kinds of fishes found in the 
sea around the Isle of Man. The great majority of these 
are bony fishes, and less than one third of them are 
marketable. Amongst the remainder are a large number 
of small and inedible fishes, such as the blennies, gobies, 
pipe-fishes (see fig. XXVI. 3), sucker-fishes, and stickle- 
backs, which frequent shallow waters and are often found 
under stones at low tide and in the rock-pools. Only a 
small proportion of the total number can be shown in our 
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tanks. In some cases size, in others habits and the nature 
of the food, make confinement in even the largest tank for 
more than a brief period impossible, but a collection fairly 


Fig. XXVI.—Common Shore Fishes (half natural size.) 


1. Cottus scorpius, the Bull-head. 
2. Blennius pholis, the Shanny. 
3. Nerophis lwmbriciformis, the Worm Pipe-fish. 


representative of both the great classes of fishes is always 
on view. We shall now give brief notes on some of the 
commoner species, beginning with those which have 
cartilaginous skeletons. 


SKATES AND Rays (Fig. XXVITI.). 


Five or six species of this family inhabit the Irish 
Sea, and specimens of the cuckoo-ray, spotted ray, and 
thornback-ray (fig. XX VII., C) may occasionally be seen 
in our tanks. They are all bottom haunting fishes, and 
are very voracious, their food consisting of crustaceans, 
molluscs and fishes. Their horny egg cases, commonly 
known as mermaid’s purses (E) are often found amongst 
the weeds and other débris left by the receding tide. 

z, 
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SHARKS AND Doc-FisHEs (Fig. XXVII.). 


These predatory and destructive fishes are represented 
in the Irish Sea by nine or ten species. ‘The spotted dog- 
fish (fig. XXVII., A), or blind govag, as it is called 
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Fic. XXVII.—Cartilaginous Fishes. 


A. Scylliwm canicula, the Spotted Dog-fish (reduced.) 
B. Acanthias vulgaris, the picked Dog-fish (reduced.) 
C. Raia clavata, the Thornback Ray (reduced.) 

D. Egg-case of Scylliwm canicula (half natural size-) 
E. Egg-case of Raia clavata (half natural size.) 


by the Manx fisherman, is seldom absent from our 
tanks, while the picked dog-fish (B) easily recog- 
nisable by the formidable spines in front of each 


MARINE BIOLOGICAL STALION AT PORT ERIN. LP 


dorsal fin, and the tope are occasionally to*be seen 
therein. The first named is abundant almost every- 
where around our coasts, and it 1s a great pest to line 
fishermen. The two latter are very destructive to herring 
and mackerel nets, in which they get entangled in their 
eager pursuit of these fish. The dog-fishes are not 
generally esteemed as food, but the spotted one is eaten 
in the Isle of Man, and the tope is sold in certain 


Flounder 


@ 
Plaice 


& 
Halibut. 


Fie. XXVIII., Eggs of various fishes, all natural size. The egg-case 
of the Dogfish has been opened to show the little fish inside. 


Lancashire towns under the name of “ Darwen salmon.” 
Although skates and dog-fishes are so abundant in our 
seas, each individual produces a very small number of 
young, generally only from two to half-a-dozen or so at 
atime. The egg is very large, has abundance of food- 
yoke, and is enclosed in a horny case (see fig. XX VIII.). 
In these respects the cartilaginous fishes differ very 
greatly from most of our common bony fishes, where the 
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egg is small, transparent, and produced in enormous 
quantities (up to nine millions at a time). 

The average number of eggs produced by a single 
female fish in one season is as follows, for some of our 
common fish :— 


Ling... ... 9,000,000 | Haddock ... 450,000 
Turbot... ... 8,600,000 | Plaice ... .-)) ae 
Cod... ... 4,500,000 | Whiting ... 120,000 
Flounder ... 1,000,000; Dab... ... —_-:100,000 
Sole «2. | 4 OW 000 > Herrin eee 30,000 


Skates and Dogfishes, a dozen or less in the year. 


We now come to the Bony fishes, and take as our 
first example 


THE CONGER EEL. 


This fish is common in all parts of the Irish Sea, and 
is rarely unrepresented in our tanks. It is voracious and 
destructive, and is more active at night than during the 
day. Large specimens are occasionally caught in lobster 
and crab creels, into which they venture to feed on the 
bait. The Conger appears to be especially fond of herring 
and mackerel, but will devour almost any kind of animal 
food, including small specimens of its own species. 
Growth is rapid: a specimen kept in the Southport 
Aquarium increased in weight from 2 to 3 lbs. to 90 lbs. 
in 53 years. The female Conger produces an exceptionally 
large number of eggs, the ovaries or “roe” of one 
weighing 15} lbs., being estimated to contain over six 
millions of ova. 


PIPE-FISHES. 


The curious and graceful little fish known as the 
Sea-horse is, perhaps, the most familiar representative of 
this family, but it does not occur around the Isle of Man. 
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There are, however, four species inhabiting Manx waters, 
and the Worm Pipe-fish (fig. XX VI., 3), which lurks under 
stones and amongst the weeds at low tide, is generally to 
be seen in the Aquarium. Like its relative the Sea-horse, 
it is fond of twining its tail around sea-weed, and will 
remain in such a position almost motionless for a consider- 
able time. It swims gracefully by the rapid vibration of 
its dorsal fin. When the female Pipe-fish extrudes her 
eggs the male receives them into a pouch on the under 
surface of his body, and there retains them until the 
young are hatched. 


FLAT-FISHES (Fig. XXIX.). 


This is a most important family from the economic 
point of view, as it includes such valuable food fishes as 
the turbot, sole and plaice. It is also of exceptional 
interest to biologists on account of the curious 
metamorphosis which transforms the symmetrical, evenly 
developed young fish into the flattened, unsymmetrical 
adult. The body of all these fishes is flattened from side 
to side, and the darker coloured side on which the eyes are 
situated is not the back of the fish, as many people 
suppose, but usually the right side. Exceptions to this 
rule are found in the turbot, brill, megrim, and the top- 
knots, in which the left side is uppermost, is coloured, and 
bears the eyes. The plaice (Pleuronectes platessa) may be 
readily distinguished by the red spots on its upper surface. 
The lemon-sole (Pleuronectes microcephalus) has the upper 
surface clouded and blotched with dull yellow and brown. 
The mouth is smaller and the lps thicker and more 
rounded than those of the plaice. The common dab 
(Pleuronectes limanda) bears considerable resemblance to 
the plaice in general outline, but it is a much smaller fish, 
and the upper surface is brownish and has no red spots. 
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The sole (Solea vulgaris) differs markedly from all the 
preceding species in being longer in proportion to its 
width, having smaller and much less prominent eyes, and, 
though its colour varies, it is usually more uniformly dark 


Fic. XXIX.—Flat-fishes. 


A. Pleuronectes platessa, the Plaice (reduced.) 
P. Pleuronectes microcephalus, the Lemon Sole (reduced.) 
C. Solea vulgaris, the Common Sole (reduced.) 


All after Day. 


grey or brown. All the flat-fishes live upon the sea 
bottom, and frequent sand and mud banks at moderate 
depths. They all have the power, in greater or less 
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degree, of assimilating their colour to that of the ground 
upon which they live, and are thus able to conceal 
themselves from their enemies. Their food consists of 
small crustaceans, worms, molluscs, sand eels and other 
small fry. It is the plaice that has, so far, been chiefly 
dealt with in the Hatchery at Port Erin, and a short 
account of the stages to be seen in the development of the 
young plaice will be found at p. 126. 


THE Cop Fairy (Fig. XXX., A). 


This family, like that of the flat-fishes, is of great 
economic importance. In addition to the cod, which is 
probably the most useful of all fishes to man, it includes 
such valuable food fishes as the haddock, whiting, hake 
and ling, besides the coal-fish and pollack, which, though 
edible, are much less esteemed. The two last named are 
abundant around the shores of the Isle of Man, and may 
always be seen in our tanks. The pollack is the 
“callagh ” of the local fishermen, and is a handsome fish. 
It is easily recognised by its projecting lower jaw and 
the silvery sheen upon its sides. The coal-fish is the 
“pblockan ” of the Manx fishermen. It is of much darker 
eolour than the pollack, and the lower jaw does not 
project. A silvery-white line, the “lateral” line, runs 
along each side of the body from head to tail. Few 
fishes have had so many names bestowed upon them as 
the coal-fish. The young appear in Port Erin Bay in 
late autumn, when only a few inches long, and are then 


known as ‘ 


‘gilpins.”’ ‘The pollack soon accustoms itself 
to confinement in a tank, and will take food from the 
hand, but the coal-fish is timid and retiring, and seldom 
approaches the front of the tank when visitors are near. 


The common cod is too well known to need description. 
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Jt is an autumn and winter visitor to our coasts, the 
young, commonly known as “ rock-cod,” being abundant 
in our bays in autumn, while the full-grown adult visits 
the neighbouring banks during the winter for the purpose 
of spawning. It is a relentless cannibal, and, when 


Fic. XXX.—A. Gadus pollachius, the Pollack (reduced.) 

B. Labrus mixtus, the Cook Wrasse (reduced.) 

C. Sparus centrodontus, the Sea-Bream (reduced,) 
confined in a tank, will speedily account for any small 
specimens of its own species which may be placed with it. 
The poor-cod, a little fish of no economic value, visits our 
bays in considerable numbers in autumn, and may 
generally be seen in our tanks at that time. 
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THe WRassE or Botian (Fig. XXX., B). 


Probably no fish is better known to the numerous 
visitors to Port Erin who find pleasure in hand-line 
fishing than the bollan. It is abundant along the rocky 
shores of the Isle of Man during the summer and autumn 
months, and its varied and often brilliant colouring excites 
general admiration. It is a hardy fish, and bears confine- 
ment well. Local fishermen distinguish two colour 
varieties as the “lady ” and “ doctor ” bollan respectively. 


SHorE Fisues (Fig. XX VI). 


We now come to a number of small, shore-haunting 
fishes which, though of no economic value, are of consider- 
able interest to naturalists. These are the Gobies, the 
Suckers, the Blennies and the Sticklebacks, of each of 
which families one or more representatives are generally 
to be seen in our tanks. The Gobies, several species of 
which are known to inhabit the Irish Sea, are all quite 
small fishes which frequent rock-pools and sandy shores. 
The Rock or Black Goby is probably the commonest local . 
species. The Cornish Sucker is common under stones and 
weed at low tide, and the rarer Connemara Sucker is 
occasionally found in the same habitat. The Double- 
spotted Sucker inhabits deeper water beyond low-tide 
mark, and is almost invariably found adhering to the 
inner surface of an old bivalve shell. The Blenny family 
is represented by the Shanny (fig. XXVI., 2), which lurks 
amongst the weed and coralline in every rock-pool, and by 
two much rarer species, the Gattoruginous Blenny and 
Yarrell’s Blenny, both of which are occasionally found 
under stones when an exceptionally low tide occurs. 
Another representative of this family is the Butter-fish, 
so called in reference to the great difficulty experienced 
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in holding it in the hands. It occurs abundantly under 
stones near low-water mark, and is locally known as the 
“Catlug.” Its eggs, appearing like little heaps of 
yellowish glass beads, are often found adhering to stones 
and old shells in the early spring. 

Only one species of Stickleback, the fifteen-spined, 
has been recognised locally. It is occasionally seen 
amongst the weeds at low water during the summer 
months, and more commonly in the deeper and larger 
rock-pools. . 

Though not a member of any of the last-mentioned 
families, the Gemmeous Dragonet may be noticed here. 
The name is usually applied to the male fish, in allusion 
to its brilliant and beautiful colours; the female, much 
more soberly coloured, being known as the Dusky 
Skulpin. It is a small and widely-distributed species, 
and the young are often captured in numbers in shrimp 
trawls on the sandy shores of Lancashire. It occasionally 
visits Manx waters in large numbers in late autumn, 
and becomes a nuisance to fishermen by swallowing the 
bait set for marketable fish. 


Tor AnGueR Fisu (Fig. XX XI.) 

This fish, also known as the Fishing Frog or Devil- 
fish, is fairly common all round the British coasts, and 
sometimes attains a length of 6 feet. Young specimens, 
from one to two feet in length, are not uncommon in 
Port Erin Bay in autumn, and several captured and 
kept in our tanks have afforded many opportunities of 
observing the use of the apparatus with which the living 
prey is lured to the vicinity of the cavernous mouth. 
Lying motionless on the sand or gravel of the sea bottom, 
its colour resembling that of the bottom to a remarkable 
degree, the Angler waves to and fro the long and slender 


a eee 
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spine which is attached to the top of the head near the 
snout, and bears at its free end a soft fleshy appendage. 
Fish of various species, and occasionally of considerable 
size, attracted by the apparently tempting morsel, come 
to examine it closely, when, with astonishing rapidity, 
the huge mouth opens and engulfs the unsuspecting prey. 
The appetite of the Angler is insatiable. A number of 
instances are recorded wherein the attempt to swallow 
aquatic birds of considerable size has resulted in the 
eapture of the fish. In June, 1901, an Angler, four feet 


Fic. XXXI.—Lophius piscatorius, the Angler-fish (after Day.) x 7. 


six inches in length, was left stranded in Rhos Weir, near 
Colwyn Bay, and a round brass tray twelve inches in 
diameter was found so firmly fixed in the back of its 
mouth that it could not be removed. The Angler is not 
a marketable fish, but the flesh of the tail portion is edible, 
and is said to possess a delicate flavour. ‘The female 
Angler produces about one and a quarter millions of eggs, 
which, when extruded, do not float freely in the sea, but 
are embedded in a great sheet of jelly-hke mucus, from 
60 to 100 feet square. In this the tiny larve 
remain for some days after they are hatched. ‘The spine 
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on the top of the head, which plays such an important 
part in the economy of the fish, begins to appear about 
the fifth day after the larva escapes from the egg. 


Tue GurRNARD FaAmIty. 


This family includes two small inedible fishes—the 
Sea-scorpion (fig. XXVI., 1) and the Father-lasher—both 
of which are common at extreme low tide and in the 
shallow water just beyond, and three species of Gurnard, 
the Yellow or “ Sapphirine,” the Red, and the Grey. The 
Yellow Gurnard is one of the most brilliantly coloured of 
British fishes, and is most esteemed as food. While not 
common, it is an occasional visitor to Port Erin Bay, and, 
though it does not bear confinement well, is occasionally 
to be seen in our tanks, where the beautiful sapphire-blue 
edges of the large, spreading fins always attract attention. 
The Red and Grey Gurnards are more abundant, but not 
so much esteemed as food. 


THE Sea-Bream (Fig. XXX., C). 


b) 


This fish, known locally as ‘“‘ Carp,” approaches our 
shores from the deeper waters in June, and numbers are 
caught on hand lines by visitors during the summer 
months. It is edible, but little esteemed, though 
quantities are sold in the poorer districts of some 
Lancashire towns under the name of “ Bull’s eyes.” It 
is very susceptible to cold, and always retires to deep 


water on the approach of wintry weather. 
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THE SEA-FISH HATCHERY. 
(Hiee XM XIX XXIV). 


Although most of these little shore fishes described 
above lay their eggs in spring under stones or in crevices 
or on old shells in the sand, the majority of the fish we 
eat from the sea (with the exception of the herring) 
produce in enormous quantities eggs that are very minute 
and transparent, and which float freely in the open sea. 


Fie. XXXII.—Interior of the Hatchery, showing the Hatching Boxes. 


These are known as “ pelagic,’ and the eggs of Cod, 
Haddock, Whiting and their relations, and of Sole, Plaice, 
Flounder and other related flat fish are of this kind. It is 
these pelagic eggs of our most important food fishes that 
can be obtained in millions at the spawning season and 
hatched artificially in sea-fish hatcheries, and so may be 
kept and protected during the first few days or weeks of 
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their existence when they would otherwise be exposed to 
innumerable enemies in the surface waters of the ocean. 

But it cannot be too emphatically stated, and widely 
made known, that sea-fish hatcheries ought not to be 
merely for the purpose of hatching young fish and then 
setting them free in the sea. Hatching and rearing of 
fish is the end to have in view, and scientific men who 
have charge of fish hatcheries will not be content till 
they have succeeded in rearing into young fish, at a 
reasonable cost, a large proportion of the fry which they 
can now hatch from the eggs by the million. Professor 
G. O. Sars first showed how the eggs of an edible fish 
(the Cod) could be hatched in small numbers as a labora- 
tory experiment; Dannevig in Norway and the U.S. Fish 
Commission in America have devised the apparatus and 
technique by which it has become possible with very slight 
mortality to hatch out such eggs on an industrial scale 
by hundreds of millions. The next advance must be in 
rearing. At present practical difficulties block the way, 
but the Fishery Board for Scotland has had some success 
with Plaice, and the French at Concarneau with the Sole, 
and we cannot doubt that further investigation and 
experience will show us the best methods to pursue. It 
is at institutions like this at Port Erin, where a Scientific 
Laboratory is combined with the Hatchery (fig. XX XII.), 
that experiments in feeding and aeration can be carried 
out which will eventually lead us to the successful rearing 
of the young fish that we now hatch and distribute as fry. 

It is evident, from questions that have been asked by 
those who have seen the hatching in progress, that some 
information as to the life-history and habits of the young 
plaice may be a useful addition to this guide. 

The average size at which the female plaice becomes 
mature in our seas is about fourteen to fifteen inches; 
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and if it were possible to so regulate matters, it would be 
very desirable, in the interests of the fisheries, that each 
mature plaice should be allowed to spawn at least once 
before being caught. The spawning in our seas takes 
place in the early months of the year—a little earlier or 
a little later, according to the locality and temperature of 
the season—but we may say, in general, from January or 
February to May, with a maximum in March. The 
fertilised egg is spherical and transparent, floats at the 
surface of the sea, and measures about 1-12th of 
an inch (1'9 mm.) in diameter. The period that the 
embryo remains inside the egg-covering also depends, to 
some extent, upon the temperature of the sea water at the 
time. It may probably vary from a fortnight to three 
weeks; and seventeen or eighteen days may be taken as 
an average time. During the last fortnight of this period 
the young fish may be clearly seen with the microscope 
inside the egg-covering (see accompanying figures), and 
for the last few days before hatching it lies coiled up, and 
occasionally moving, ready to burst through its shell and 
emerge as a larva (fig. XX XIII.). 

When the larval plaice hatches out (see fig. XX XIV.) 
it is about 1 of an inch (7 mm.) in length, and is 
unable to feed through its mouth; and so for about a 
fortnight it obtains its nutriment solely from the food- 
yolk contained in the yolk-sac, which hangs down from 
the lower surface of the body. During this period it is 
active and leads a surface life, partly swimming 
spasmodically by contractions of the muscular tail, and 
partly drifting passively with the current. It can do 
little as yet to avoid an enemy, and is easily caught with 
a small net, a dish, or a dipping tube. After about a 
fortnight the larva begins to feed. The yolk has then 
been used up, the jaws have formed, bones have developed 
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Fic. XXXIII.—Development of the Egg of the Plaice. 
(Magnified 23 times.) 
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in its body, the muscular system is stronger, and the little 
fish is able to pursue and capture prey, to eat and digest 
its food. This at first consists of Diatoms, the spores of 
sea weeds and other vegetable matters, and a little later 
on of Copepoda and other minute animals. Post-larval 
stages taken from our pond in May were found when 
5 mm. long to be feeding on alga spores, and when 7 mm. 
and upwards on Copepoda. 

The young post-larval plaice, when it begins to feed, 
is about one month old, counting eighteen days for 
hatching and twelve for the absorption of the yolk. 
Another month is probably required, as a rule, for the 
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Fig. XXXIV., Larval Plaice. (Magnified 15 times.) 


transformation of this bilaterally symmetrical little fish 
into the completely metamorphosed unsymmetrical flat- 
fish, with both the eyes on one surface (the right side) of 
the body, and with a distribution of pigment which causes 
this upper side to be dark coloured and the lower light. 
Young plaice, with the metamorphosis completed, have 
been found only a little over half an inch in length 
(14 mm.) in June; but they are usually about an inch 
in length when they appear in our sandy bays 
during the summer. In the post-larval stages they lived 
at the surface, so during the period of their transforma- 
tion they must be making their way to the bottom, and 
K 
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changing their mode of life from the pelagic larval one, 
where the food is Copepoda and other surface organisms, 
to that of the ground-living adult, feeding on shellfish 
and worms. 

When floating on the surface as eggs, in the 
embryonic stages and as larve, they are the natural prey of 
innumerable organisms around them, from meduse to 
fishes; and it cannot be doubted that the destruction must 
be very great, especially in the younger stages. The post- 
larval forms seem better able to avoid enemies and to take 
care of themselves; while when the metamorphosis 
has taken place, they are probably safe from many 
dangers which threatened them in the earlier periods. 
Consequently, protection in a hatchery must save a very 
large proportion of the eggs and larve from what would 
otherwise be their natural fate. 

During the present hatching season we have set free 
our plaice larve when between a week and a fortnight 
after hatching, our object being to keep them as long as 
possible so as to protect them from destruction in the sea, 
but to let them out before the yolk-sac was all absorbed 
and external food required. No doubt it would be still 
better if we could safely keep them longer, see them 
through the period of metamorphosis, and set them free in 
our bays as young flat-fish. That natural sequel to 
artificial hatching, viz., rearing the young fish in captivity, 
will no doubt come; and we have been experimenting 
in the matter during the last year by allowing a certain 
number of the larve to remain developing in’ our 
spawning pond. It is satisfactory to find that these have 
passed through the post-larval period, have undergone 
their metamorphosis, and have grown rapidly. Some 
have already been seen in the pond as fully formed young 
flat-fish, up to five inches in length. There seems to be 
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abundance of food, both animal and vegetable, in the 
water of the pond; and Copepoda, &c., have been found in 
the stomachs of the young fish. 

Finally, in setting free the hatched larve, we are 
careful to place them in the water well off the land, in a 
tidal current running clear of the Island, so that they 
may be carried to regions where we find the naturally 
hatched fish in similar stages, and from which they will 
make their way gradually, after metamorphosis, inwards 
to the shore, and appear in due course as young plaice in 
the shallow waters of our sandy bays. There they ought 
to be allowed to feed and grow in peace until such time 
as they move further out again, to the off-shore grounds, 
as adult fish which can legitimately be caught by the 
fishermen for the supply of the markets. 


Larval Halibut, x 13, 
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INTRODUCTION AND GENERAL ACCOUNT 
OF THE WORK. 
Tuis Record of 1905 naturally starts with three events 
of considerable importance in connection with scientific 
sea-fisheries work in the Irish Sea. These are :— 

Ist. A renewal of the agreement between the Lanca- 
shire and Western Sea-Fisheries Joint Committee and the 
University of Liverpool confirming the appointment of 
the Professor of Zoology as honorary head of the scientific 
work, and giving an improved status and tenure to the 
two scientific assistants. 

2nd. The completion and formal inauguration of the 
new Laboratories of Zoology at the University, which 
provide greatly increased accommodation and _ facilities 
for both laboratory investigation and museum work on 
the fisheries of the district, 
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3rd. The recognition of these laboratories by the 
Board of Agriculture and Fisheries, and the award of a 
erant to the University, towards expenses, on account of 
the scientific fisheries work carried on in the department. 

The new laboratories were opened on November 18th, 
1905, by the Right Hon. the Earl of Onslow, formerly 
President of the Board of Agriculture and Fisheries— 
“the first Minister for Fisheries ’’ this country has had— 
in the presence of a large gathering of Zoologists and 
Fisheries Authorities, including Mr. James Fletcher, 
Chairman of our Local Joint Committee, Mr. J. R. 
Ragdale, Chairman of the Scientific Sub-Committee, and 
other representative men; and amongst those who gave 
addresses on the occasion were Sir Thomas Elliott, K.C.B., 
Permanent Secretary of the Board of Agriculture and 
Fisheries, and Sir John Murray, K.C.B., the eminent 
Oceanographer. . 

In the accompanying fig. 1, showing the front 
elevation of the building, the arrows at the side point to 
the windows of the floor devoted to the Fisheries Labora- 
tories, and the plan (fig. 2) shows the accommodation— 
three rooms, one large and two smaller, in addition to 
the Fisheries Museum. One of the smaller rooms is at 
present devoted to bacteriological work, the other is Mr. 
Johnstone’s laboratory, and the larger room will accom- 
modate two additional investigators. 

As a result of conversation and correspondence with 
the Chairman of the Joint Committee and the Chairman 
of the Scientific Sub-Committee, I have been led to make 
the suggestion that it would be to the advantage and 
convenience of the members of the Scientific Sub- 
Committee that they should be brought into more intimate 
and more constant relation with the details of the work 
carried on in the Fisheries Laboratory by having periodic 
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Reports printed and submitted at the quarterly meetings 
of the Sub-Committee. This suggestion has been 
approved, and the remainder of this Introduction, 
summarising as it does the work carried on during the 
past year, will serve as the first quarterly report to be 
submitted at the February meeting. Succeeding Reperts 
will deal naturally with the quarters to which they refer, 
and each will bring the account of the work up to the 
end of the month preceding that in which the meeting is 


held. 


Sea Fish Hatcuine. 


Mr. Scott’s operations at Piel have resulted in very 
much the same measure of success as in the previous two 
years—we cannot expect any marked increase upon these 
numbers or any extension in the work with the present 
accommodation at the hatchery. The tanks will not hold 
more fish than the number now dealt with. 

Although Port Erin is not in the L. and W. District, 
it is impossible in thinking of broad results to discriminate 
between the young fish set free in Lancashire waters and 
those set free round the Isle of Man. The Irish Sea is 
one natural sea-fisheries area, and whatever benefits one 
part is hkely to benefit the whole. True economy and 
efficiency will be best attained by working the two insti- 
tutions, Piel and Port Erin, as much as possible together, 
so that each supplements the other and both contribute 
to the common good. Lancashire can help Port Erin, 
and has helped this year by getting a supply of adult 
plaice to stock the spawning pond; while Port Erin can 
help Lancashire by carrying on rearing experiments 
which are impossible at Piel in the absence of a pond. 
Consequently it will be of interest to the members of the 
Lancashire and Western Committee to know that over 
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five millions of young plaice were hatched in 1905 at 
Port Erin, and were set free in the sea round the south 
end of the Isle of Man. It is important also to note that 
large numbers of fry from the previous year’s operations 
which were left to develop in the pond passed through 
their metamorphosis and grew rapidly, being found of 
various sizes from one to five inches in length during their 
first year of life. The largest of these young plaice, 
spawned, hatched and reared in captivity, which we have 
taken from our pond, measured over six inches. 


MaRKED-Fisu EXPERIMENTS. 


This work was commenced by Mr. Johnstone last 
year, and has been carried on further with the co-opera- 
tion of Dr. Travis Jenkins on the steamer. The essence 
of the experiment is that certain picked living fish are 
marked with distinctive numbers in the manner described | 
further on by Mr. Johnstone, and are set free at localities 
duly noted—those of such fish which are subsequently 
captured being returned, with particulars, to our labora- 
tory for observation and record. ‘The object of the 
experiment is three-fold. The results may be expected 
to give us information :—Ist as to the growth of the fish, 
rund as to the migrations of the fish, and 3rd as to the 
numerical proportion of the fish caught, and consequently 
as to the intensity of the fishing in our seas. The results 
are rather startling. For the details Mr. Johnstone’s full 

account given below should be read, but the following 
may be taken as a summary of the matter:—In the case 
of the Lancashire stations about 50 per cent. of the 
marked fish have been re-captured—-which may be an 
indication that the fishing is so intense that half of the 
available fish are captured in the year. Whether this is 
" over-fishing ” it is impossible at present to say, but the 
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numbers certainly suggest that we may be getting 
dangerously near to the local extinction of the species. 
Of course in other parts of the district where the fishing 
is not so intense the proportion of the marked fish 
re-captured is not nearly so high. It is interesting to 
note that in the similar experiments carried on off the 
East coast of England during the International investiga- 
tion of the North Sea 40 per cent. of the marked small 
fish transplanted from inshore to the Dogger Bank were 
recovered in the same neighbourhood. The total per- 
centage of the marked fish recovered in the North Sea 
from all parts of the area was 19 per cent. per annum. 
In our experiments in the Irish sea the total over the 
whole area was 23°25 per cent., but in a number of the 
experiments a full year has not yet elapsed. 

The evidence so far tends to show that the plaice 
grows about 3 inches in the year, during the summer 
(May to September), and that a fish 8 inches long in April 
and weighing ¢ lb. will by September be 11 inches long 
and will have doubled or trebled its weight with a corre- 
sponding increase in value—a strong argument for the 
protection of undersized fish. 

Important information as to the migrations of the 
fish throughout the district seems forthcoming, but 
observations during another year at least are desirable 
before we draw conclusions. In winter they travel into 
the sheltered estuaries and bays, and chiefly in a northerly 
direction. In the summer they move offshore into deeper 
water, and chiefly in a southerly direction. The cost of 
these experiments is comparatively shght, and the 
information gained is most valuable—TI have no hesitation 
in recommending to the Committee that the work be 
continued during 1906 on the same lines as in 1905. 
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SCHEME OF SCIENTIFIC WorK. 


At the quarterly meeting of the Scientific Sub- 
Committee held at Preston on November 8th, 1905, I 
submitted a scheme of scientific work in progress and 
contemplated. The headings of this scheme (as drawn up 
in November) were as follows : — 


“1l—Distribution of Fish Eggs. 

“ This has been attentively studied during the present 
year, and from one to two hundred bottles of plankton 
have been examined. In regard to future work, tow- 
nettings should be taken by the steamer as formerly, and 
surface and bottom gatherings made every time the net 
is hauled. Bottom tow-nettings need not be made at 
(1) Blackpool Closed Ground, (2) near Nelson Buoy, 
(3) off the River Mersey. Tow-nettings should be sent 
regularly by the bailiffs in the Western District. One 
should be taken every fortnight by the bailiffs at 
Carnarvon, Pwllheli, and New Quay.* So also with the 
bailiffs at New Brighton and Fleetwood. Hensen net 
collections should be made by the steamer, beginning 
early in January, and continued as often as is practicable. 
“2—Fish Foods. 

“The food of the plaice, dab, and sole have been 
studied during the present year from the point of view of 
the competition between fish on the same ground. A 
Jarge number of observations have been made and 
recorded, and will be published in the next Report. This 
work should be continued. It is best done by a scientist 
on board the steamer, but when neither scientist is on 
board a parcel of fish containing half a dozen soles, dabs 


‘ The investigation of the plankton of Cardigan Bay is most 
a eee from the point of view of immigration of species into our 
area, and it would be well to obtain as many tow-nettings as possible 
from these parts. 
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and plaice not less than 9 inches long, FROM THE SAME 
catcH, should be sent every fortnight either to Piel or 
Liverpool as is most convenient. Uncommon Inverte- 
brates should be preserved and sent to the Liverpoo! 
Laboratory for identification. 
“3—Examination of Shellfish Beds. 
“The Morecambe mussel beds and the cockle beds near 
the Ribble Estuary should be examined at intervals. 
Other shellfish beds should be treated in a similar manner 
as time permits. The transplantation experiments should 
be continued, and samples of the transplanted shellfish 
should be sent to Liverpool as often as they are taken. 
“The usual bacteriological examinations will be made 
from time to time as the Committee requires the informa- 
tion. But if desirable any one bed can be systematically 
examined and reported upon. Several inspections have 
been made during the present year of the Morecambe 
mussel beds, and a_ bacteriological examination has 
already been made of the mussels at Llanfairfechan. 
“4.—Fish-marking Experiments. 

“Nearly 1,000 fish will have been marked and 
liberated before the end of the present year. A con- 
siderable number have been returned—yvarying from 
5 per cent. to 50 per cent. of those liberated according to 
the “Station.” Tables and charts are being prepared 
shewing the results, and the whole matter will be 
discussed in Professor Herdman’s forthcoming report. 
Mr. Johnstone proposes to give a preliminary account of 
the results of these experiments at the next meeting of 
the Scientific Sub-Committee. It is proposed, if the 
Committee agree, to carry on these experiments during 
the next year, with whatever modification the results of 
the past experiments may suggest. It is proposed to 
mark flounders as well as plaice. 
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“oO-—Pish Parasites and Diseases. 

“A large amount of work has been done by Mr. 
Johnstone on board the steamer on the above subject. It 
is proposed to carry this on, but a Report is being 
prepared. This is work which can best be done on board 
the steamer, but when a scientist is not on board parcels 
of fish might be sent to Liverpool or Piel. Inedible fishes 
are also desired. Large ray and skate should be examined, 
but this can obviously only be done on board the steamer. 
“6—Hydrographical Work. 

“Tf it is proposed to provide the steamer with a hydro- 
graphic research equipment (water bottle for collecting 
samples of water from the bottom or from intermediate 
depths, thermometers, &c., at a cost of about £25), and 
the necessary equipment for analysis ashore, then the 
following scheme might be adopted : — 

“ A collection of water samples, with exact observa- 
tions of the temperature of the water at the surface, 
bottom, or intermediate depths, should be made quarterly 
along the following lines :— 


“1. Fleetwood to the Skerries; 

“2. Bardsey Island to New Quay; 

“3. Holyhead Harbour to Calf of Man; 
“4. Mull of Galloway to Point of Ayre; 
“5. Ramsey Bay to Fleetwood. 


This would take one week every three months; and several 
of the lines might be combined with the periodical 
inspection of the Manx territorial waters. 

“Samples of water would be examined for salinity 
ashore.” 

Some of these subjects require no further explanation 
as they have been before the Committee in the past, the 
marked fish experiment is discussed above, and the others 
are all in progress with the exception of the hydro- 
graphical work which has not yet been started. 
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Foop oF FIsHEs. 


I desire now to draw attention to the observations on 
the food of Plaice as compared with that of Dabs caught 
at the same time on the same ground. It has often been 
said that Plaice and Dab compete for the same food, but 
this does not seem to be the case. Mr. Johnstone’s 
observations, made on the steamer and in the laboratory, 
show that on the whole the adult Plaice feeds chiefly on 
Mollusca (Scrobicularia, Solen, Mactra, Tellina and 
Nucula), less frequently on Polychaeta (Nerezs, Pectinaria, 
&c.) with an occasional Echinoderm or Amphipod; while 
the Dabs of much the same size feed for the most part 
on Ophiurids (“brittle stars”) and Crustacea, especially 
small crabs and hermit crabs (Pagurus, Carcinus, 
Porcellana, Portunus, Hyas, Corystes, Crangon, &c.), with 
some Polychaete worms, occasional Mollusca and 
Zoophytes. The contrast is evidently between Molluscs 
as the main food of the Plaice and Ophiurids and 
Crustacea as that of the Dab. But the Dab is evidently 
a greedy and omnivorous feeder, and many kinds of 
invertebrates may be found together in its stomach. 

Some years ago, in the Ist, 2nd, 5rd and 4th of these 
Fisheries Laboratory Reports (for 1892-3-4 and 5) we 
recorded a series of observations made on the food of 
various fishes, both small and large, which showed fairly 
similar results. In 1894, in the case of the Plaice, 
Mollusca were found in over 72 per cent. of the stomachs 
and Polychaeta in fully 22 per cent., so that these two 
food matters occupied together about 95 per cent., and the 
following year the same two groups, although reversed in 
order, occupied 96 per cent. of the stomachs. In the case 
of the Dab our former records give no such uniformity of 
result, and merely show that there is considerable variety 
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in the food of this fish. It is possibly its omnivorous 
habits that enable it to get on so well in the struggle for 
existence with other fishes. 
The contents of the stomach of a cod caught off 
Blackpool in December last are interesting, viz. : — 
3 dabs 6 to 8 inches long, 
7 other flat fishes (too much decomposed for 
identification), 
3 herrings (or sprats) 3 to 5 inches long, 
9 other round fishes (not herrings, very much 
decomposed), 
13 shrimps, 
and a large mass of semi-digested matter, chiefly 
composed of fish bones. 


OtHER Minor INVESTIGATIONS. 


femerme in Carnarvon and Cardigan 
Bays. 

Several lots of herring sent by the bailiffs on the 
instructions of Dr. Jenkins were examined in the labora- 
tory. About half of these fish were “spent” and the 
other half were “full” herrings. It is evident that the 
winter herrings spawn somewhere on the coasts of Wales, 
and close attention will be paid to the occurrence and 
condition of this fish during the next year. 


Trawling Observations. 

During the last year some interesting hauls with fish 
and shrimp trawls were made in Luce Bay, in the Scottish 
* District; and in Fishguard Bay in the Milford Haven 
District. These hauls are quoted and discussed further 
on in this Annual Report. Large plaice were still 
abundant in Luce Bay in October and November, 1905. 


In Fishguard Bay we took a varied and abundant catch 
e fishes in the shrimp trawl. 
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Occurrence of Rare Fishes. 


Several rare fishes have turned up during the last 
year. ‘Two scarce rays, Raia fullonica and Raia micro- 
cellata were recorded for the first time (with certainty) 
from Carnarvon and Cardigan Bays; a sole, the sand sole 
(Solea lascaris), which does not often occur in our area, 
was taken also in Cardigan Bay. Finally several young 
specimens of Venter vulgaris, a fish which has not been 
seen in the Irish Sea area before, and is a Mediterranean 
rather than an English species, was taken off Pwllheli last 
September. In many ways the occurrence of rare animals 
last year was somewhat remarkable, and is to be con- 
nected with an exceptional northerly movement of 
sub-tropical Atlantic water. 


Parasites and Diseases of Fishes. 


Mr. Scott has been making some observations upon 
ectoparasites of fishes at the Piel Laboratory; and a 
number of tapeworms and “ flukes ’’ from the intestines 
of fishes have been investigated by Mr. Johnstone in the 
University Laboratory; all of these are described and 
figured further on in this Report. A peculiar disease 
infesting plaice at the Port Erin Hatchery, and causing 
considerable mortality, has been traced to a fungus which 
inhabits the liver and kidneys of the fishes, and destroys 
the tissues. 

SHELL-FISH TRANSPLANTATION. 


The result of the mussel transplanting operations in 
the spring of 1905 has proved satisfactory. The mussels 
taken from the Heysham beds and deposited in the 
* Ringhole ” (between the old harbour and the West end 
pier at Morecambe) have grown on an average about 
; Of an inch in seven months. Those left on the sears - 
have only increased } of an inch in length. This gives 
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a nett gain of } an inch in favour of the transplanting. 
At the period of the transplanting, the mussels varied 
from 12 to 1% of an inch in length, so only the larger 
ones left have reached the minimum legal size and 
become marketable. It has been found that 100 trans- 
planted mussels weighed five lbs. in December, while 100 
from the scars that had grown to a marketable size, only 
weighed two lbs. A bag of mussels from the scars 
contains about two and a half times as many as a bag from 
the “ Ringhole.” The results from the transplanting in 
the Wyre and at Overton have been equally satisfactory. 
This work is described fully in an interesting article by 
Mr. Scott and Mr. Baxter, which will be found further on 
in this Report. 

The tow-nettings collected by the steamer continue 
to yield valuable information. A sample of the organisms 
collected by the bottom tow-net while trawling off 
Aberystwyth on December 15th, 1905, contained one 
plaice egg in which the larva was well advanced. From 
the appearance of the larva it is estimated that this egg 
had been spawned ten days previous to capture. The 
earliest record for plaice eggs in the southern part of the 
Irish Sea, previously known, was January 26th. The 
occurrence of this egg seems to indicate that some of the 
plaice on the South Wales coast spawn early in December, 
and about very much the same time as plaice frequenting 
the North Sea. 

Several other minor investigations have been under- 
taken by Mr. Johnstone and Mr. Scott, and will be 
found described below, but the above is probably sufficient 
to give members of the Committee a very fair knowledge 
of the work that has been devised and carried out during 
the year. W. 


A. HrrpMAN. 


UNIVERSITY OF LIVERPOOL, 
February, 1906, 
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SEA FISH HATCHING AT PIEL. 
By ANDREW Scort. 


Our attention, as in former years, during the fish 
spawning period, was devoted to the incubation of the 
eggs of plaice and flounders, and the results for 1905 
are practically the same as those obtained in 1904. The 
adult plaice were brought from Luce Bay by the fisheries 
steamer, and the flounders from the River Lune by the 
police cutter belonging to the Northern portion of the 
District. 

The plaice commenced to spawn on March 2nd, and 
the flounders on the following day. The first fertilised 
eggs were obtained on March 10th and the last on May 
5th. During the two months that the spawning lasted, 
about thirteen and a half millions of flounder eggs were 
collected and about one and a half millions of plaice eggs. 
The eggs were incubated in the usual way and yielded a 
little over thirteen millions of fry. The fry were set free 
in Morecambe Bay by Captain Wright. At the end of 
the spawning season the parent fish were liberated in the 
Barrow Channel. About a dozen of the largest and most 
vigorous plaice were retained for one of Mr. Johnstone’s 
marking experiments. These were marked and set free 
on May 31st, when the steamer was employed in carrying 
- on some investigations on the off-shore fishing grounds. 
The following tables give the number of eggs collected, 
and of the fry hatched and set free on the dates specified : 
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Puatce (Pleuronectes platessa, Linn.). 


Eggs Collected. 


March 10 ... 15,000 
paaa..° » 30,000 
Pte). 2; 40,000 
mek... 40,000 
eee. 00,000 
pea) :... (60,000 
Peet) ..... 110,000 
pro .... 7 90,000 
ete)» 90;000 

mri +)... 90,000 

= ee oO O00) 
oe)... 90,000 
Pee, |... 90,000 
Papeete. ©... 80,000 
ei ..... 80,000 
meee... 70,000 
Peet... 75,000 
meet... 60,000 
mao, ... ) 60,000 
pees... , 40,000 
May 1 ... 40,000 
5 ... 30,000 


Total Eggs 1,400,000 


Fry Set Free. 


LPOOON fe.) Avpril 
26,500... 4 
34,000)... ‘ 
BOLOOO i e.: Fs 
44,000... is 
5)115:5.0)0) Bee A, 
S0c910\0) © eer s 
79,000) ...: i 
COOO Ts. hs; 
PRSOOR LES ois 
OOOO, vents 
79,500 ... May 
TO OOOw a Ns 
COLOUO TELE: = hts 
HOROOOr ce 1s 
CROOON =e.) 
30}45) 0] 0 a een 
D2000% 5 wi}; 
OZ, O00) ies 1, 
s0000). ...- |, 
AS OOO 2. 5 
ZO OOOK te). 3 


1,230,000 Total Fry. 


—____________. 
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FriounpEr (Pleuronectes flesus, Linn.). 


March 10 
ae >. 
” 16 


Ma ae 
9 9) 


Eggs Collected. 


eb 


ue 


200,000 
280,000 
280,000 
300,000 
360,000 
450,000 
550,000 
600,000 
800,000 
000,000 
900,000 
000,000 
900,000 
900,000 
800,000 
700,000 
700,000 
650,000 
700,000 
600,000 
500,000 
300,000 


Total Eggs 13,470,000 


Total Number of Eggs 
Total Number of Fry 


Fry Set Free. 


177,000 
248,000 
248,000 
266,000 
330,000 
400,000 
486,500 
931,500 
712,500 
887,000 
800,000 
887,000 
800,000 
800,000 
712,000 
622,000 
622,000 
577,500 
621,500 
531,500 
445,000 
267,000 


..: OEM 


” 


+e 
... May 


”” 


11,972,000 Total Fry. 


14,870,000 
13,202,000 
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CLASSES, VISITORS, &c., AT PIL. 
| By ANDREW Scorv. 

The Education Committee of the Lancashire County 
Council again placed at the disposal of the Sea Fisheries 
Committee the usual sum of money for forty-five student- 
ships, open to fishermen residing in the Administrative 
County of Lancaster. The studentship holders were 
divided into three classes of fifteen men in each, as shown 
by the following lists :—- 

Class held March 6th to 17th—J. Butler, Flook- 
burgh ; ey ohnson, Bolton-le-Sands : J. Threlfall, 
Morecambe; A. Woodhouse, Morecambe ; J. Johnson, 
Junr., Morecambe; J. Moss, Fleetwood; N. Leadbetter, 
Fleetwood; D. Leadbetter, Fleetwood; R. Birch, 
Lytham; C. Whiteside, Lytham; H. Robinson, Marsh- 
side; M. Johnson, Marshside; J. Foster, Marshside; R. 
Johnson, Banks; J. Bond, Banks. 

Class held March 20th to 3lst—R. Butler, Flook- 
burgh; W. Wilson, Baicliff; J. Bell, Morecambe; 
D. Bell, Morecambe; A. Wilson, Morecambe; J. Lead- 
better, Fleetwood; H. Macmillan, Fleetwood; J. Meadows, 
Fleetwood; N. Johnson, St. Annes; 1T’. B. Harrison, 
st. Annes; R. Rimmer, Marshside; H. Wright (Hutch), 
Marshside; J. Wright, Marshside; B. Abram, Banks; 
W. Leadbetter, Banks. 

Class held April 3rd to 14th—G. Thompson, Baicliff; 
W. Woodend, Bardsea; H. Shaw, Flookburgh; J. Wood- 
house, Morecambe; T. Woodhouse, Morecambe; ay 
Wilson, Morecambe; Rd. Brown, Morecambe; John 
Raby, Overton; R. Roskell, Fleetwood; R. Atkinson, 
Fleetwood; D. Herbert, Fleetwood; R. Wilson, Fleet- 
wood; D. Abram, Banks; W. Rigby, Southport; B. Ball, 
Southport. In addition to the men originally selected 
for the third class, two fishermen, S. Rimmer, and W. 

M 
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Parr, from Blackpool, were also present, the studentships 
being granted by the Blackpool Education Committee. 

The usual votes of thanks to the Sea Fisheries Com- 
mittee and to the Education Committee of the Lancashire 
County Council were proposed and carried by the fisher- 
men. One of the most noteworthy fishermen students 
we have ever met with was a member of the third class, 
James Woodhouse, of Morecambe, a fisherman close on 
eighty-two years of age, and still following his arduous 
vocation with surprising activity. On several occasions 
during the summer, when fishing in the vicinity of Piel, 
he paid us a visit. Mr. Woodhouse proved an attentive 
student, and in a short speech stated he had learned much 
about the habits and life of fish that was new to him. 

A class in Nature Study for school teachers was held 
on two week nights and Saturday afternoons during the 
last two weeks of April and first week of May. The class 
was attended by seventeen students, all teachers in the 
schools under the Barrow Education Committee. This 
is the fourth class in Nature Study for teachers that has 
been conducted at Piel. 

The dates for the next classes for fishermen are 
practically settled. Two will be held before Kaster— 
March 12th to 25rd, March 26th to April 6th—and one 
after Easter—April 25rd to May 4th. <A fourth class, if 
required, could meet from May 7th to 18th. 

Mr. M. A. Fenton, H.M. Inspector of Schools, has 
inspected the laboratory and equipment for teaching 
purposes. <A report giving a summary of the apparatus 
in stock, and also of the previous classes for fishermen 
and school teachers, has since been forwarded to him. 

Mr. Haweridge, Director of Education for Barrow, 
Mr. Hopkinson and Mr. Baxter, members of the Com- 
mittee, and others have recently visited the establishment. 


IPiaAmws, Il. 
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The Scientific Sub-Committee and representatives of 
the various Education Committees in the country visited 
the establishment under the leadership of Mr. James > 
Fletcher on two occasions while the classes for fishermen 
were going on. } 

A considerable number of additions to the Library 
have been made during the year, partly by purchase 
and partly by presentation. The most noteworthy are: — 

Six volumes of the Challenger Reports—presented by 
His Majesty's Government. 

Twenty-five volumes of publications relating to 
Marine Biology—presented by the Trustees of 
the British Museum. 

Complete set, Journal of the Marine Biological Asso- 
ciation—presented by the Association. 

Forbes and Hanley, British Mollusca—purchased. 

Vols. I., I1., III. of Crustacea of Norway, By G. O. 
Sars—purchased. 

British Hydroid Zoophytes, Hincks—purchased. 

British Sessile-eyed Crustacea, Bate and Westwood— 
purchased. 

British Starfishes, Forbes—purchased. 

British Sea Anemones and Corals, Gosse—purchased. 

The Study of Fishes, Gunther—purchased. 

American Food and Game Fishes, Jordan and Hver- 
mann—purchased. 

Nordisches Plankton, Brandt u. Apstein, Kiel, 
Pts. 1-4—purchased. 

Also a large number of reprints of papers from the 
Reports on the Sea and Inland Fisheries of Ireland, 1902- 
1903—presented by Mr. E. W. L. Holt, Scientific Adviser, 
Department of Agriculture and Technical Instruction for 
Ireland, Fisheries Branch, 
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REPORT ON THE TOW-NETTINGS. 
By ANDREW Scort. 

During the year 1905 three hundred and sixty-five 
tow-nettings have been examined. ° These collections were 
made in various parts of the Irish Sea, extending from 
Luce Bay in the North to Fishguard Bay in the South. 
Of this number, two hundred and ninety-seven were taken 
by the steamer, forty-one by the Welsh officers at Car- 
narvon, Pwllheli and New Quay, and twenty-seven by Mr. 
Chadwick at Port Erin. A continuous series from any 
particular area can scarcely be expected under the present 
system. The primary work of the steamer is to patrol 
the whole coast line of Lancashire and Wales, from 
Haverigg Point to Kemmaes Head, and occasionally visit 
the Isle of Man and Milford Haven Districts. The 
Fishery Officers have their particular sections to supervise, 
and Mr. Chadwick has many duties to perform. The 
tow-nettings can, therefore, only be taken when time 
permits, or in conjunction with other work such as 
collecting trawling statistics, and are liable to be inter- 
rupted through pressure of work or stress of weather. At 
some future period a more regular system of collecting 
may be attained by the provision of a special scientific 
steamer. Meanwhile we make the most of the material 
we get, and are very grateful for the opportunities 
afforded us. The information derived from these tow- 
nettings is gradually extending our knowledge of the 
periodic occurrence and distribution of the pelagic 
organisms in our area. 

It is proposed in this report to deal specially with the 
result of the examination of the collections from Cardigan 
Bay, as it is the only area from which we have a series 
representing every month in the year, 
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The collections from other areas such as Blackpool, 
North Wales, and Port Erin have been interrupted from 
the causes already mentioned, but the information gained 
from these, as to distribution, &c., will be given where it 
appears useful. A report on the distribution of the 
organisms from year to year may be given at a future date, 
and will contain further details. The report given last 
year was only intended as a record of the monthly 
occurrences of groups of organisms without mentioning 
the genera and species, and was primarily prepared for use 
in the fishermen’s classes. 

The present report is the first, so far as we know, that 
deals with the organisms present each month of the year 
in the waters of Cardigan Bay. Sixty-six collections 
from this area have been examined. Of that number 
thirty-one were taken by the steamer in various parts of 
the bay, twenty-two by D. Pritchard, Fishery Officer at 
Pwllheli, and fourteen by E. Williams, Fishery Officer at 
New Quay. The following lists give the occurrence from 
month to month of the organisms identified in the 
Cardigan Bay tow-nettings. 


January. 

Autolytus prolifer, Sagitta bipunctata, ‘“ Mitraria,” 
Meganyctiphanes norvegica, Calanus helgolandicus, 
Pseudocalanus elongatus, Paracalanus parvus, Centro- 
pages hamatus, Anomalocera patersoni, Acartia clausi, 
Oithona similis, Fish eggs (Plaice). 


February. 

Biddulphia, Coscinodiscus, Medusoid gonophores, 
Autolytus prolifer, Sagitta bipunctata, “ Mitraria,” 
“ Mysis stage” of Crangon, Calanus  helgolandicus, 
Pseudocalanus elongatus, Paracalanus parvus, Centro- 
pages hamatus, Temora longicornis, Anomalocera 
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patersoni, Acartia clausi and A. discaudata, Oithona 
similis, Cyclopina littoralis, Canuella perplexa, Euterpina 
acutifrons, Alteutha interrupta, Copepod nauplii, 
Nauplhi of Barnacles, Oikopleura, Fish eggs (Plaice, Dab, 
Flounder, Haddock, Coal Fish, Bib, Rockling). 


March. 


Biddulphia, Coscinodiscus, Pleurobrachia pileus, 
Autolytus prolifer, Sagitta bipunctata, ‘ Mitraria,” 
Pseudocalanus elongatus, Paracalanus parvus, Centro- 
pages hamatus, Temora longicornis, Acartia clausi and 
A. discaudata, Oithona similis, Cyclopina littoralis, 
Copepod nauplii, Nauplii and Ostracod stages of Barnacle, 
Ascidian eggs, Fish eggs (Plaice, Flounder, Dab, Cod, 
Rockling). 

April. 

Biddulphia, Coscinodiscus, Pleurobrachia pileus, 
Sagitta bipunctata, “ Mitraria,”’ ‘“‘ Crab zoea,” ‘‘ Mysis 
stage’ of Crangon, Paracalanus parvus, Centropages 
hamatus and C. typicus, ‘’emora longicornis, Acartia 
clausi, and A. discaudata, Copepod nauplii, Naupli of 
Barnacles, Ostracod stage of Barnacles, Ascidian eggs, 
Oikopleura, Fish eggs (Plaice, Brill, Coal Fish, Sprat, 
Rockling, Common Dragonet). Post larval pleuronectids. 


May. 

Coscinodiscus, Pluteus larvee of Starfish, Pleuro- 
brachia pileus, Medusoid gonophores, Sagitta bipunctata, 
larval Polycheta, ‘ Mitraria,” “Mysis stage” of 
Crangon, Crab zoea, Calanus helgolandicus, Pseudo- 
calanus elongatus, Paracalanus  parvus, Centropages 
hamatus, and C. typicus, Temora longicornis, Acartia 
clausi and <A. discaudata, Oithona similis, Copepod 
nauphi, Nauplii and Ostracod stages of Barnacles, Podon 
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intermedium, Ascidian eggs, Oikopleura, Fish eggs (Brill, 
Solenette, Sprat, Rockling). Post larval pleuronectids 
and gadoids, young rockling. 


June. 


Biddulphia, Rhizosolenia, Gelatinous alge, Pluteus 
of Hchinus, Pluteus of brittle starfish, Pleurobrachia 
pileus, Medusoid gonophores, young Aurelia, Sagitta 
bipunctata, larval Polycheta, “‘ Mitraria,” “ Mysis stage ” 
of Crangon, Zoea and Megalopa of Crabs, Idotea marina, 
Paracalanus parvus, Centropages hamatus and C. typicus, 
Temora longicornis, Acartia clausi, and A. discaudata, 
Copepod naupliu, Podon intermedium, Oikopleura, Fish 
eggs (Brill, Turbot, Solenette, Weever), one young Sole 
75 mm. long, young Rockling. 


July. 


Rhizosolenia, Ceratium tripos, C. fusus, and C. 
furca, Pleurobrachia pileus, Medusoid gonophores, young 
Aurelia, Sagitta bipunctata, “ Mitraria,” “‘ Mysis stage ” 
of Crangon, Zoea and Megalopa of Crabs, Trachelifer 
stage of Jaxea nocturna, Hrichtheus stage of Squilla, 
Pelagic stage of common lobster, Paracalanus parvus, 
Centropages hamatus, and C. typicus, Temora longicornis, 
Isias_ clavipes, Anomalocera_ patersoni, Labidocera 
wollastoni, Pontella lobiancoi, Acartia clausi, and A. 
discaudata, Oithona similis, Canuella perplexa, Monstrilla 
anglica, Podon intermedium and P. leuckartii, Hvadne 
nordmanni, Oikopleura, Fish eggs (Weever), young 
Weevers, young Rocklings, young Garfish. 


August. 
Noctiluca, Sagitta bipunctata, Autolytus prolifer, 


~ Mitraria,” ‘“‘Mysis stage” of Crangon, Zoea and 
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Megalopa of Crabs, ‘lrachelifer stage of Jaxea nocturna, 
Erichtheus stage of squilla, Paracalanus parvus, Centro- 
pages hamatus and C. typicus, Temora longicornis, Isias 
clavipes, Anomalocera patersoni, Labidocera wollastoni, 
Pontella lobiancoi, Acartia clausi, and <A. discaudata, 
Oithona similis, Huterpina acutifrons, Podon intermedium 
and P. Jeuckartii, Ascidian eggs, Oikopleura. 


September. 


Biddulphia, Coscinodiscus, Cheetoceros, Ceratium 
tripos, C. fusus and C. furea, Pleurobrachia pileus, 
Medusoid gonophores, Sagitta bipunctata, larval Poly- 
cheta, ‘ Mitraria,’ “ Mysis stage” of Crangon, Para- 
calanus parvus, Centropages hamatus, Temora longi- 
cornis, Acartia clausi, Oithona similis, Canuella perplexa, 
Euterpina acutifrons, Podon intermedium and P. 
leuckartu, Larve of Gasteropods, Larve of Lamelh- 
branchs, Oikopleura. 


October. 


Cheetoceros, Bellerochea, Ceratium fusus, Pleuro- 
brachia pileus, Sagitta bipunctata, Larval Polycheta, 
Pseudocalanus elongatus, Paracalanus parvus, Centro- 
pages hamatus, Temora longicornis, <Acartia  clausi, 


Oithona similis, Kuterpina acutifrons, Oikopleura. 


November. 


Coscinodiscus, Noctiluca, Sagitta bipunctata, Tomop- 


teris onisciformis, ‘ Mysis stage’ of Crangon, Megalopa 
of Crabs, Calanus helgolandicus, Paracalanus paryus, 
Centropages hamatus, Temora longicornis, Anomalocera 
patersoni, Acartia clausi, Oithona similis, Euterpina 
acutifrons, Oikopleura. 
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December. 

_ Biddulphia, Coscinodiseus, Ceratium fusus, and C. 
furea, Noctiluca, Pleurobrachia pileus, Sagitta bipunc- 
tata, Autolytus prolifer, Tomopteris onisciformis, larval 
Polycheta, *‘ Mitraria,” “ Mysis stage” of Crangon, 
Meganyctiphanes norvegica, Calanus helgolandicus, 
Pseudocalanus elongatus, Paracalanus parvus, Centro- 
pages hamatus, Temora longicornis, Anomalocera 
patersoni, Acartia clausii, Oithona similis, Huterpina 
acutifrons, Oikopleura, Fish eggs (Plaice). 


fyemawks on -the, Oecurrence and 

Distribution of Organisms. 
~ ‘Taking the months in order, we find from collectious 
which could only be secured during the second half of 
January that twelve different organisms were present, and 
the bulk of these were copepoda.  Pseudocalanus, Para- 
calanus, Centropages and Acartia were the most con- 
spicuous, only a few of the remaining three were noted. 
Calanus and the schizopod Meganyciphanes were limited 
to bottom gatherings. Sagitta, though present in 
immense numbers at the bottom, were comparatively scarce 
near the surface. Observations elsewhere were rather 
hmited in January owing to uncertainty of the weather, 
and only four inshore areas were dealt with, but these 
practically take in the coast Lune from Blackpool to New 
Quay Head. It is therefore noteworthy that though 
Diatoms were absent in the coastal waters, representatives 
of three genera occurred at Port Hrin. _ 

During January arrangements were completed for 
the Fishery Officers at Pwllheli and New Quay to take 
tow-nettings in their divisions at least once a fortnight, 
in addition to the collections made by the steamer when 
circumstances permitted. ‘The extra gatherings were 
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begun in February and continued throughout the year. 
The tow-nettings for February comprised eight surface 
and five bottom samples. Copepoda, so far as number 
of species go, reached the maximum point in this month, 
when fourteen forms were noted, but only four of these 
(the same as in January) were at all common. Sagitta 
was again abundant near the bottom. Copepod nauplii 
and the nauplii of barnacles made their appearance in 
February. Seven species of fish eggs were noted and 
two species of diatoms. Five other coastal areas were 
examined, one off-shore station and Port Erin. Diatoms 
appeared to be scarce in distribution throughout the Irish 
Sea. Three genera were represented at Port Erin, two in 
Cardigan Bay and one in Fishguard Bay. Altogether 
thirty distinct organisms were detected in Cardigan Bay. 
Port Erin, with fourteen, was the next richest area. 

In March owing to pressure of other work the 
steamer was unable to investigate Cardigan Bay, but the 
Fishery Officers sent in five samples, which were repre- 
sentative of the whole month. Twenty-three organisms 
were noted, including eight species of Copepoda and five 
species of fish eggs. ‘The ostracod stage of barnacles and 
the eggs of species of Ascidians appeared for the first 
time in 1905 in this month. Five coastal areas were 
investigated, also four stations in the central portion of 
the Irish Sea, but Port Erin was not represented. 
Diatoms were apparently present throughout the whole 
of the Irish Sea in March, and were represented by the 
genera Biddulphia and Coseinodiscus. 

The steamer was again engaged in other work in 
April, and the collections sent by the Fishery Officers 
contained the only material available. These were 
taken on the 12th, 18th (two tow-nettings ) and 29th. 


The organisms numbered twenty-five, and included six 
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species of Copepoda and six species of fish eggs. ‘The 
Zoea stage of crabs and the post larval stage of Pleuro- 
nectids, probably plaice, began to make their appearance 
amongst the plankton. Five coastal areas were examined, 
also three off-shore stations and Port Erin Bay. The 
distribution of many of the organisms had now become 
fairly uniform. Diatoms were present in every area 
except Carnarvon Bay, and were represented by 
Coscinodiscus and Biddulphia. Chaetoceros and Rhizo- 
solema occurred at Port Erin in addition to the two others 
mentioned, but nowhere else. Twenty-nine organisms, 
including the eggs of ten species of fish, were noted from 
Port Erin in April. 

The tow-nettings taken in May numbered ten, and 
comprised four collections from the Fishery Officers, and 
three surface and three bottom gatherings made by the 
steamer. The organisms represented in the material, 
including the eggs of four species of fish, reached a total 
of thirty-one. Nine species of Copepoda were noted. Of 
these, Centropages hamatus, C. typreus, Acartia clausi 
and A. discaudata were the most abundant; the last 
two in some cases forming the bulk of the material 
collected. Post larval pleuronectids were less numerous 
than in April, and young gadoids made their appearance 
for the first time. The presence of gelatinous alge 
interfered to some extent with the working of the tow-nets 
in three of the other coastal areas investigated, and pro- 
bably had some connection with the abnormal results. 
At Blackpool only Pleurobrachia and this alga were 
noted. The collection from Port Erin on May 11th was 
also rather remarkable. It was practically a gathering 
of Chaetoceros. 

In June twelve collections were made, of which four 
were from near the bottom. Gelatinous alge had by this 
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time become very abundant along the Welsh coast 
extending to Fishguard Bay, but apparently did not 
come very close to the land. None of the tow-nettings 
taken by the steamer produced a single copepod, while 
those taken off Tremadoc, Aberaron and Kilan Head, 
yielded six species. Out of a total of thirty organisms 
only eight occurred between two and three miles from the 
land. The alga was entirely absent from the tow- 
nettings taken by the Fishery Officers. The collection 
from Port Erin showed a great change from the previous 
month, and twenty organisms were noted. Chetoceros 
had entirely vanished, its place being taken by a swarm 
of Rhizosolenia which was represented by a few indivi- 
duals in May. 

The organisms in Cardigan Bay plankton attained 
their highest number in July. Eleven collections were 
taken and thirty-six different forms, with a fairly 
uniform distribution, were found to be present in the 
area. No other portion of the Irish Sea, at any time 
during 1905 contained plankton so varied as occurred in 
this bay in the months of May, June, July and August. 
Various unusual forms appeared in July such as the 
larvee of the crustaceans Jaaea, Squilla, and lobsters, also 
the rare copepods Pontella lobiancot and Monstrilla 
anglica. The gelatinous alga was gradually disappearing 
from the water. The only areas that contained any 
were Carnarvon Bay and Bahama Bank off the Isle of 
Man. Diatoms were practically absent in all the regions 
investigated, a very few Rhizosolenia were noted at Port 
Erin and in Cardigan Bay, and Coscinodiseus at Port Erin 
only. 

The tow-nettings taken during August numbered 
fourteen. Ten of these were collected by the steamer, 
and the remaining four by the Fishery Officers. A con- 
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siderable reduction in the number of organisms apparently 
sel in early in the month; Diatoms, Ceratium and 
Coelenterata were entirely absent. The young lobsters 
had also gone from this area, but a few occurred in 
Carnarvon Bay and one in Lune Deep. The Protozoan 
Noctiluca made its first appearance in this bay during 
August, and was also diffused throughout the Irish Sea 
at that time. Young Javea, young Squilla and Pontella 
lobiancot continued to be represented. Fish eggs and 
young fishes had disappeared from all the coastal waters. 
At Port Erin one or two eggs of the Norway topknot still 
remained. Diatoms became more plentiful in other areas. 
Representatives of four genera were noted between Red 
Wharf Bay and Rhyl, one in the Ribble and two at Port Erin. 

In September five gatherings were taken. The 
number of organisms remained practically the same as in 
August, but a great change had taken place in the con- 
stituents of the plankton, not only here but all over the 
area. The larve of Crabs, Javea and Squilla had gone, 
and also some of the copepods, including the species of 
Pontella, Anomalocera, Labidocera, and a few others. 
Twelve species of copepoda were present in August and 
only seven in September. Diatoms, Ceratium and Celen- 
terata re-appeared, and small swarms of gasteropod and 
lamellibranch larve were met with. Diatoms had become 
well diffused throughout the Irish Sea. Three genera were 
represented in Cardigan Bay, four along the North Wales 
coast, one at the mouth of the Ribble, Blackpool and 
Port Erin. ‘Three species of Ceratium were present in 
every one of the areas examined, excepting Port Erin. 
Coelenterata were uniformly distributed. A few zoea of 
crabs (Porcellana sp.), and late megalopa stages of other 
species were found along the North Wales coast and off 
the Ribble. 
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Only one collection could be made in October and so far 
as it goes it shows that the plankton had become almost 
as poor in constituents as we found during January. 
Practically only copepods remaimed, along with a few 
individuals belonging to other five groups. From the 
other areas examined we find that Diatoms were prevalent 
all over. Port Erin and Luce Bay were especially rich 
in species, no less than five being common to both. 
Ceratium was uniformly distributed in the northern 
division and Noctiluca extended from the coastal waters 
to the centre of the Irish Sea. 

In November five collections were taken, and the 
plankton was very similar to that of October. Shght 
changes had occurred. Chetoceros was displaced by 
Coscinodiscus, and Ceratium by Noctiluca. Amongst the 
Copepoda Anomalocera had returned and Calanus took the 
place of Pseudocalanus. The Plankton in the other areas 
remained practically the same as in the previous month. 
Acanthometra appeared at Port Erin for the first time in 
the year. 

The weather during December was unsettled, 
and the work in consequence was restricted to fewer areas. 
Eleven tow-nettings were taken in Cardigan Bay and 
revealed a considerable development in the plankton. The 
constituents numbered twenty-four. Coscinodiscus, Cera- 
tium, Celenterata, and Pseudocalanus re-appeared. <A 
single specimen of a developing egg of the plaice was 
found in a bottom collection on the 15th which makes 
the earliest record for the Irish Sea. 

The year 1905 was remarkable for the huge swarms 
of single organisms that made their appearance from time 
to time throughout the whole of the territorial waters 
between the Duddon and Fishguard Bay. We do not 
remember any previous occasion on which these invasions 
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were so marked. In some cases these visits were strictly 
local, and in others diffused over a wide area. The 
- following are the most striking instances, giving the date 
and locality of the occurrence, and also the name of the 
organism :—— 


Jan. 26. Patches Buoy, Aberystwyth. Sagitta. 
, 27. Off Llanon, Cardigan Bay. : 
Feb. 21. Tremadoc Bay. Diatoms (Coscinodiscus). 
Mar. 28. Off the mouth of the Duddon. Sagitta. 
April 4. Carnarvon Bay. Ostracod stage of Barnacles. 
,, 18. Tremadoc Bay. Copepods (T'emora longicornis). 
5 29. Off New Quay Head. _,, ne st 
May 11. Port Erin. Diatoms (Chetoceros). 
Junell. Red Wharf Bay. Diatoms (Coscinodiscus and 
Biddulphia). 
,, 15. New Quay Head. Copepods (Centropages and 
Acartia). 
, 19. Port Erin. Diatoms (Rhizosolenia). 
,, 23. Fisheuard Bay. Crustacea (Megalopa of Crabs). 
» 21. Llandudno Bay. Noctiluca. 
meee, Ott Puftin Island. 
,» 29. Entrance to Mersey. 
,, 30. Blackpool. 
July 5. Red Wharf Bay. 
» 90. Beaumaris Bay. i) 
» %. Off St. Tudwall Islands. Porcellana zoea. 
»  t. Off Nelson Buoy, Ribble. Noctiluca. 


9 


79 


37 


, 14. Off Ynys Fach, Cardigan Bay. Megalopa of 

Crabs. 

,, 17. Tremadoc Bay. Copepods, Temora and Acartia. 

,, 18. Off Nelson Buoy, Ribble. Cladocera (2 species 
of Podon), | 
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July 20. Carnarvon Bay. Noctiluca. 
,, 21. Tremadoc Bay. Copepods (Acartia discaudata). 
., 21. Patches Buoy, Aberystwyth. Rhizosolenia and 
Ceratiim. 
22. Off Llanon, Cardigan Bay.  Lthizosolenia and 
Ceratium. 
25. Off the mouth of the Duddon. Crab Megalopa. 
.. Bl. New Quay Head. Copepods T’emora and Acartia. 
.. Bl. Tremadoe Bay. Porcellana zoea. 
Aug. 1. Llandudno Bay. Noctiluca. 
,, 3 Entrance to Mersey. _,, 
7. Off Nelson Buoy, Ribble. Noctiluca. 
. 8. Tremadoe Bay. Porcellana zoea. 
. 9. Off Llanon, Cardigan Bay. 100 Sqailla larvee, 
105 Pontella lobiancot. 
,, 10. Carnarvon Bay. Zoea and Megalopa of Crabs. 
,, 16. Off Nelson Buoy. 7 i « . 
, 16. Llandudno Bay. Diatoms (four genera). 
, 17. Beaumaris Bay. Noctiluca. 
,, 22. Off Nelson Buoy, Ribble. Noctiluca. 
., 26. Blackpool. Noctiluca. 
,, 31. Patches Buoy, off Aberystwyth. 30 Squilla larvee. 
Sep. 14. Entrance to Ribble. Noctiluca. 
Oct. 10. Off Liverpool N.W. Light Ship. Noctiluca. 
,, 24. Entrance to Mersey. Sagitta. 


The appended table shews the occurrence of pelagic 
fish eggs during the year, 


veces + siaialleleitel|(eielet sisal lieleletelats||(slelels|eiell(elalaletes||(ciel alalele||{ularelei=lal|(»lsfelelels||sloleisiels)|lslelarel els + S000 d!noonodlecoccac oe) is eI OCCT. rly § 


LABORATORY. 


SEA-FISHERIES 


| 
siersvalere ae + a cocccel|ece eee Rade rrada | [Valero irene | ava¥etererai leatacolettel|(sisleleleiall(alefalislutsl (cieeretcxe)|\oielstekefel|(elelatefcie'|(elelutevetel|(clerel ofern |ieielsielate ge aS OM Fe 
+ + eceecee + weeececel|ec ce ee se eeeel|eeoeeee|ereres ee eoessieeeons + eee ss foe eereleecereeleseces (seer csiree eeleeesessessesesees oun f 
+ BICICICIOIG! (CICICICIOIG! ICRCICICICIC (CRCECICICIC (CICICICIONG) NCICH RCRCICN (CICEC ICING! ICRCECICNONG! ICRCICECICION IOICHCECICION ICRCECRCICION ICRCHCHCRCIOH ICRCRCEC ECT + we cree (ccc cccl(cccccclecceceensecese- ese ACT 
+ crc c cele rere elses ese a + ecocce + ec ecee + + eee relies coe] ce rerlocacceleccvrcelecassel(ecevee(eccevereee severes judy 
eeeeeelereoeceleceveei|secasse ee eoeee -- + -b + RUE Tate ee [ew sae aS ca eS tags sala aces |e cael eeeee onan atom: Cho GANT 
D Cp) DM 
2) aloglosl?/elele| ele eller zi elel¢le 
© HOl|RB a re) © sy E. a a D OF Ri jah ie) o =. 
Pb ide ele p| 2 | Be] ty & | & Bele, wee ms cle 8 
ope oA = = Bias 28 S| Ag | s a. : ‘SU JUOTY 
© oP | P| oe Ee ; BY ee | ep Ki 
Shaken || ee : +B 
‘AVG JuvHA\ GAY OL ToodaMOVIG WOUd SUALVA\ TVINOLINUAT, NT 


—: pourvu setoods eta Jo ‘vag 
YS] 9} JO SUOISTAIP ANOJ Ut ‘yyUOW Aq YWOU ‘MOTJNLISIp OY} SMOYS o[qQe} SUTMOT[OF OTT, 
‘SND HSI OlOVINg 40 BONaYANNDG 


178 


On Orr-sHoRE Grounps, N.W. or Piet to Liverpoot N.W. Licut Suir. 


TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


| 


“qeadg | _ 


“IOA90 AA | : 


+ 


‘qouosviq. 
peyyodg 


“‘qouoseiq 
TOUULOD 


‘prvuiny 


“Sty Te0) 


“BULPOOY | 
‘ata | 


“SUIFIT AA | 


ASOpPpee | 


“pop 
"a4JOUITOY 


‘youyy dog, | 
ULISEMION | 


Months. 


AIEEE so Ustiic orcas ss 
DEY Haxpuouvriaiy 
June 


February............ 
WUHValY.ts. crc ce ober ss 


In Vicinity oF Port Erin. 


teal he || ee 


+e 
oo 


Th 


+Hii: 
+2 oe 


April 

MEGY since beet keine 
June vee 
July 

August.... 


SEA-FISHERIES LABORATORY. 


The following Tables show the occurrence from month 
to month of the various organisms identified in the 


plankton from the areas named :— 


179 


January. 
| 
ie} (=| S inet 
rb) Ss a) — la : 
Seer lacts. |e lee Bye |e 
} Se Reus Prem ese cram sl Signo ce ec ae a 
ae ceallor ss ae eal) es eee es Bis oi|sos| 5 = 
o |2s Z 5 ce | ~~ = S i Se M : NM ; M ‘ ce Fs a ~~ o 
& seal Onl ao| Bala a2 ai oi ole cia aj 5] 8] 8 
AB (SSSR elmo malEmOoZzloZ|omima| 4|)/a | a 
| | 
WMBCTOCETOS Geelcce-scccecseccess (Ga B08 ISOC Ses| EOAHOE ABR CPeiine pe iesa apna Meneame i apa [Beerstpal eget legate ers + [ieee 
et o......,......0----+- | cece oe lee aes ae eS AIEEE 1S eae a Co ae 
OGCMIOUISCUIS sy ccccuceessocecee [oa OR eee eatin an tae ei OE LE eh eee AAR SS: ofa (Ore 
Ceratium tripos..............0.+ Voces Robt aioe Papen nara EA AE Nhe petted (NT BA NP steal eraseteee 
Sagitta bipunctata ............ ee + |.ecece eR ila I S| LE er ee [be Pe ae SIL Be ate Nae 
EUPIMMONDTONICT...--.-..-.-.00).s020elorsseclecsese am (koapoe airae |croisralitlac sta ots vets Peceee ene ee. eae 
ME MAEM GETEOUINNS 9.222 5|..2-..|.0 0.00 |s0cesclacsevelescccclessreclescesa|eococe werera|eseses Ra ae ba oly (| siaotets 
oe a ee | Re Re bee TEP eset a ctcaiett, ooiscteeleseiciers LoPiaraaya | Setasto|-taascis eee 
Meganyctiphanes norvegica...|......|....../e.s.. ae lar all lai? Abockeclbodded pochbo ectiinalbpcesclioncerlbcbbedqs oc 
Mysis stage of Crangon ......|...... fe ia sieeee lec sae pr [bs eoonihodocc borpod cocson bospod GensenibaceesleBosel cde a 
Calanus.helgolandicus .........!...... AP) pocbed oe nae tie GRosbodiic muctocdads bepaba Karr sabe bacoIbereorl baste 
Pseudocalanus elongatus ...|......]......|-...6. | der sat abot de cl bgeeccncceebd bactad Nebene hpoctan se ilauecins 
Paracalanus parvus ............|...... ASA lela icie ae | tar dla lkecedalboenackspbedd beseee Beporoliocsed fl trciats 
HeMOrAONSICOMNIS .............|....-. Sia [stearate ore Sofas syle sates] sia tavath|ote's late se:sre tie cre sige eta crepe eee all eae Meee 
2) ae ee afeey PG =fobt De =TEMt [ect tl credia en: sitinncais| crelsee e) itsbem ees oe eee Ree 
Centropages hamatus .........|...... Se bacaodlfbareoclBonade air lbocondl ApaEeOnBoberI Scare HAPHE Elke ceeml BeBBeli nas oc 
PeGEENOCeLA, PAtCLSONI.........|......|.-0-2c|oeeecelecseee a2 Hitomi Reebod pococciepcsod boeate aecaaal Sapacclke Deol sonack 
NLS ee | a [olee sail baricit [Nctantinl ce wclsieceien| amends) secures Graal ace ce 
eee! A | | a> Rocobal hanse.) Senotcl Seaorcinecelta bocecol MMBadl ics S> 
us | 
= 7) 7) 12);—/— | —}-- “= | — | 9} — 


180 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


Anomalocera patersoni .....\.|......|....6- 
SUMMED HERDING ' 52.5. dacs ask sseafeneradies ure’ 
Oyclopina littoralis ...........5|.....Jeoeses 
Canuella perplexa ..........5.)icesesfsceees 
Euterpina acutifrons .........]....../....+. 
Alteutha interrupta.........]......]-...6. 


SOMES RIAU. 2.0 c0.vcactensennc|s seca ¢lidees tsberceheDeetinesbs + 


February. 
a ar | a ! | | | 
o | d. toes 
oO ~— | ~ »~ = - 
2| | Reale |, lee ewe 2 | 6 
4 PB) Py Oo > a ae B Bs i 3 la a 
S|28egal— aa (© (8 |salaeilaes| a. a 
3 BS ES ESE ob og Se cla cia la g| &| B 
me a SAIREOS Sale alSzlozl\6zlaa| 4] & 
DERI OR 02, 252, 0 ven= saneven lin ines| Cnt ce beds | 
NP MMETNELEE 2° ight au de cy eoenat Ualp pense] same ele on oie + 
OMNRNEIORNEE 2 on ane coos seal ve sinule pane tece ws 
PING. iin cas Goccn Sonnnaneles wevelenes sels aan ac 
NMINAIEET STUDIOS. «990 wise nssvinn 2b fe ao vb le wos oh pave + 
RMEREOPEND SPUSUS) os Doce aces eanauletenaeh<sscblsconun 
AAT, MULCH, 5). os nes «once oc]: covdsfonge aap asso 
Sagitta bipunctata ........ Saco ali-sjaninhe [s Sea etale aa 
maeotytus prolifer.............2-] fH fasesss|ooeess 
MEE SE OLYCHRGUS  . 00: occ os'ne|-onne ceverve|sewers 
MIREELA dtc oat tens aus da eot | xyes aeons uceoas 
Picurobrachia pileus © .........)..2.0.[eavsss)-scces 
Medusoid gonophores ........:} + |......|...06: 
LT hoa) koe Cdeinae ves toewarsionss sal eattas eae 
Mysis stage of Crangon ...... ee etasedinneeas 
Calanus helgolandicus eR as 4 Eas ate 
Pseudocalanus elongatus ...} + |....../...... 
Paracalanus parvus............ Code ee eae 
Temora longicornis ............ Sad eee ee 
Acartia clausi ............. Sea Ceres tie 
Acartia discaudata ..........00)..c-0efeececefoeces 
Centropages hamatus .........)......|..ssee[eseees 
Centropages typicus  .........|-....[eceeee|eoeeee 
SUNPSRMICL (STATLON Sos cricisinssice fs svn diuncupapiwaweianeen 
SEI, sence. secede dumaciedloncas ilouwes (aaaneeienevenioueens oo 
MEETS apn avsnbonpengeacusasnnn|s chen theses lane eee + | + 
25 


181 


SEA-FISHERIES LABORATORY. 
e 
March. 
| ea ies | 
iss re Be ae Le ees 
el ehee i eee |, Slabs 
Plea corbomal ee ake Shiba ie lovee) lcal me 
Baal real eee) ee Ue ellie ectice | Sci, | 
SB |S Se Sits Slits Sine LW ele RD DM Ta ~ 0) 
S 2S selo5|8 ss s4 sia cla cle cia 8| 2/8 | 8 
aed a 2 a | os} a [e} = 
Rees ee ORE IOAZ|OA Oz Bibeln a} 4 
| | 
MAUNA Finn. concer eee concen: cia: fl bts near St ey, HEM ile ste esas aE alae ar. ld epietelleemoees 
DWOSEIIGUISCUS, .......00e0ccccere SiMe | vet yen |S ak + | sane By te ah aR Py tee HE eeclee cle Recreate 
EIS ocala ie'e ecless's|-ajcoes|ecinedeloceeselonennrlanencc looses er Cesecalbaceitalbeecedlaaenae aeeeee 
Sagitta bipunctata ............ al Betts Rees ae Ge tL ae tees Se Pate TORE Oli Sata soa adli picasa 
leolytus prolifer............... SNe ic ts | an ha Wa Larne Ete ees eatcctt ea eee tl OR Pn ME nes ec 
TIRE UIMETe A 5.2. ee. n|eeeese|-ecccelieesecle cones Sep | gato leteise dee lacrae hs aly ee aghele alsio/e le etet fa eon eee 
icurapeacmia pileus .........!.¢....|.....- eee neal ew)» a ee Ae EE | RRR RMR ROB OSE 2, 3.3 
Medusoid gonophores ......... ee eee [ERM V3 ASP nk el a ORinr a Boe hee | openers Pave eee ev STE |} r=. 
RePSMOMC A SIVA ...2,.-2..0+2.+|-0ceesloceers Pe Ae oc letea tee Re an FEES corals ee abl ebaeepl sa sepel aa 
Meganyctiphanes norvegica...|......|...... | aN ras Geel SR Ae an Bl pena fo Tea ape Nadeare'e e,stheaallete ates 
Mysis stage of Crangon ...... ASH Peon a estar 8 Als ae Be eee ae Se ies ta ie ee ree a ee ope Porn tin 
Calanus helgolandica ......... Te oe Mea eee aN ce a: p00] eas 6 i ates eee oe lah daniel area ble etcteoee 
Pseudocalanus elongatus ...) + |...... | Bees Sea) Weta eto leg eet. ae) tose | ae he ale Ale toate 
Paracalanus parvus............ remy (geass la J. oth laesete AM Wessun Aas ci. sy be pteto bene edseers(eeeee 
BUCHIPEAMIONSICOFMS ............|20.00-\oceee. | LG 8 AW foes oat. Se ae eg | tay lessee + ise | evetulbtars 
PMc dee ClAUS  ................+5 | SOG ad eee +] +] + Jee. BN Te ee te Tite ie et 
PUM PPEMMPNSEAUOALA, oc. crac ceceleccocsloccnss|avecsslaceses looses SPM Werte ote Ns gaits alos eile niataa Belo Searilapake nen Gate 
Centropages hamatus ......... 2 Be Soe Lane eS le eea te Be Ee Beene eae |) te leobies|oameball estate 
i A ee Re | Sean ereeao Paci a eee Es I, ase eelanadl omens 
a. Ge eR A A SP ROSE eet Ble pues Secenc|de ans cee gobi oe wasetaeneee 
MR ART!) 22 |-52202|-eecee|ercriic|secore|og sonia leesste|seacesleeeeaclenencs pists ool oe ede SERRE 
Alteutha interrupta............ a PhS ae Bee Ee re ae eee ol gre a ie el gee ce ee peal NE 
MN CMON oso, ac'c.n|2- + cto +|- 20 n0|ee er selensenclecrccsleceons las snceloorers AE la edy ys lp o dees ae cago! nase ee 
200) (02,0 ne Oe ae Se aie’. Sas SE seer el saoue ste lege deel) sheaeeinl Nateaen sll oe Me eee 
eT | a a Se Mec Sl AA eee ml era PRONE A ee eral cs 2 
Peiaeie OStTAcod Stage  ...|,.....|......[ecsseeleccoselecenes af Pies ofS cia aba. ts naicls oles lperap soa eusraiots leleiae ill amine 
0 (02 | Sted Hoiteieine oie cots af iMate aici alasteele ae apts ory leoraes ofedh legis cack ietteacale 
TE ea a lao «(ope me elnenes clentads|errecelosicedslaceeaslastreelect sas Ss NeiaSa igi a tei [ema 
PEPEMIAMCOOS . 2... cs cesses sense [ace ce ea 0 RR Be 4S aiaie allalouigs @ =fEo'[ppiely salt sleclaila ie aes age ae eenetees 
ke zt ee Ae HS tet lecalwate = SE Oey agli a pacedasecsoo! pcr oo- 
A A “Fed Veacaeitielate/enye a [b0Mas 4] De elk ate sisal pn eals'dle’s'cadelbiet sally steed aetmee 
13 | — —|14} 5]19}]—} 9} 21} 13} 15) 3)—]— 


182, TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


April 
| olga | a le |g | 

. S D or oe - 
3 |) ofS A glee\— fee. ee 8 E _ 
2 PS PSE |S 18 16.6 e)Ceueees a 
BISs Ss ele |. |S tie enl ease 
olf 5/258 sid slo cslavi@ | 1m |Ses) Oe 
& 2B SR S| 5 25 22 Fla cla cia sla 8| 8] 5 | 8” 
AMR Sa|se omior sll Omi AeA; al A 

PRMACEGCOLOS 05. aise ooa' sc ans cod's|oeess |= nqee|s sey] sme olansy [caper a|smncts|ee esas |are ee mn 

Biddulphia Sek Pee a oe Wes oe Beene He fey cies Se es 

EPPAPOSOLCTID 6.505.000 cians ne aces ones|usendiefe siveila cinde|ewasve|- nies avleclee sels paeenieenenelseaeme inna inn 

PRISEOCISCUS |. .5:.0.00 vines sens of isteess to il ctr dodaeas Se Ree Se eee 

SPE AAAI -TUSUS. 56 5.0050 ses asniee| nos oa |ewderie|swosaufiecenal-ceeas|s sen'es|oneseeenke «coy ace nnn 

Pleurobrachia pileus BW oe | ee | ee ee chy ews alow wuts eae |, senate 

Medusoid gonophores .........) + |...... te lateness “L “Ivene'ee|s nie s'e|an'a 0'e low weaniied aaa an 

PAMEVORIUIN (CLES! 5... bencec sieges] FH [esleows SE Ve nwsc oles ueweloaan'te|-svyes)eseecie|ssin n/p 

Sagitta bipunctata ............ a ee Se ee ee ee Hl iaaetsfonbente eRe 

Autolytus prolifer............... a BA antral ceed Tr alleictce’ ad setestonel re ao “b- |aveeee 

PERL CE DIY CHDLA - ices cocericnle meric |ecaceniodbene SE al saealesll intone al eeene |: ieee gees 

NUBRRARENEL 7 6 sia ria vicgeive.v «0.0 os ot] ciee cin foe al otenete Acetate oP [esas cclachae semble 

AMPNGEA SLVACO ....0 0.00. ces ale'cerac[esrer|easa ce fe |e wie sola woe ninls ote wie eaten [octdbile]h tae em aaa 

Micpanyctiphanes NOLVePiCa. ol. 0.0.00). dese osiencis|celse oe|-clavive|a daceih veel + |. 0ces ee Selene 

Mysis stage of Crangon ......|......]...... me Serer ed =f bi. Je eeles'ate'a uae 

Calanus helgolandicus.........|......]...... of 1) ate fe dteaialells taeeat eens sate ati 

Pseudocalanus elongatus...... ob Me wasiaals ees i ian Renee oe See fy ifewgsee 

Paracalanus parvus............ Bb ivan SH (ie de Peer ae vases Fle dvews 

Temora longicornis ............ alates +} +]+] + 4... access 

PROTA CLAUS] .i..004002ecsere> a aa ere re Teeiats bluseoes S eee b Nivarde 

RUEIED ASCARID .ic0cec sac de|sceyns|scus ees cenon|s dar aefiderter of i wes alle canta acl 

Centropages hamatus ......... seals ama + | + |... =p Naeands Cb leemeds | 

SEAIDRODALCS LY PICUA. § .icxs sas ante cacietats deletion cele adele aetae =f ila stigaleaan sutnsdiae 

PEMA ALOCETS -PALELSOMMA  \. 50. 4u|s dan validse<slaaceva|staesanensa|«axs<n]eaeaaul tan aelledaa de 

SMEBODS -SUNTIG 5... .cvveseas sense Ful sdhdelaescsels dasdbaceranlsalenlebedpleats delngenae 

PMA IACCTIUPLA .. ess. drecisladeonsla dae cule seeaaly destan|>ctcinale anaes satan EE Aeanees 

Copepod nauplii ............... Bb Wiliee of + | + |... bE dee a0 eae eee | 

Barnacle nauplii ............... ee CT Se i oe ce te ae Pe SEM, snot 

Barnacle ostracod stage ......|......|.s.scleecoes Se ce eee rere ere eo 

SRREEPEIOE 5.5.50 pst oes deena ses ihe ol Me dex aialoean ae fe ede en ee ak iy deste 

HeOGON ANTETMOMIUM » 1.6.0... fecsnealesvsdin|> snosaledcsseluaesae[s eee cules tose |ewaneulyscsas|yiayuil ain 

Peto JeuCKArtil 5.1. ..ccnvarvdjecsecs|e ace ce[sasedaladcswelnsonselsecabe|ases sulscesvalseuee hua nena 

ERREN IIL iiss vos dqedencheter eal acst tale Pea Malone ee Se ee JE La civ sla sys vole aun dcleacte Rana 

SURRREMEL ODOS oa as sea cen supait> coleciksnsli tna + | + |... fs Te ie os cee eee ee 

ERODE css crenviswe sees poohsne ne oF leapt tala end Na +] +] 4 i... ei diies ot 

SEMMEROID so c'o.nuy vas o>sau pad aavanlse aromatase eh se Oh waase ills ihe ua SN eaawe 

RIES Sc 5, Uc huires's ad yeneoe oe + |... be easat mL" I, eee'saleWindalessd eGlenae walimeny olsun 

Idotea linearis ..............+00. cae ree Hb. lvwneds|shovaisfvesenifed estoy feats aula oe oklewia ae feWaaam 

Idotea marina ............00005- ha eee Be ols 5 sémwli’s olen |s a Se srplnna ce teeeepe OR | Se vanalser aut 
20|}—}19|19| 6| 20; —}] 17 | — | 13 | 2| — | 20 


~ 


SEA-FISHERIES LABORATORY. 183 


= 
9 
‘< 


~ Off Shore Stn. 


Blackpool. 
Ribble 
Estuary. 
Mersey 
Estuary. 
Rhyl to Red 
Wharf Bay. 
Carnarvon 
Bay. 
Cardigan 
Bay. 
Fishguard 
Bay. 

Off Shore Stn. 
Nomar 

Off Shore Stn. 
Lune Deep. 
Port Erin 


has 


i NE eno |.) 0-|- +200 |e one s|ecene ele cece seco 

LE, 0 ede ae | ee 

220006 NSCOR eee See Ae 

RN sal nc eac|-cenes|nsaaceleecseoleseessleeee ee 
Gelatinous algae ............... 

9 8 POL SETI S eho secenee Beet eel Oe ee a ec 
DILL G3) apecdg: acne Been COA Be Sees See ee A 
Pleurobrachia pileus ......... 

Metmcaid GoNOphores .........|....-.|..-.2+[..0--- 
ee ease 52s. |. 026 |-2ce0s|- eee 
Setpba MPUNCtAta ............|....0.|.ccsee[eceaes 
Beeibol yi prolifer,...-..........|-....2|..0s0c|eceeee 
Larval Polycheta 
EST, 4 eee Ae 
Mysis stage of Crangon 
RN ee oe see clec ee scleecess|s0ce0 
88, CDi] Ee 
wmaous helsolandicus’.........|......|....+.|...0-- 
Pseudocalanus elongatus 
Paracalanus parvus 
Temora longicornis 
os 10ST 2.) esa | Oe | ee 
BMP MOISCATICAIA 5.-..-.--.2-|..02+-|eceeerloecarsleoceaclessers 
Cenropages| Wamatus .........|......|......|..e0+ 
DePEOPTACOUGY ICUS,  ....:....|..02..|.200ce|noceee|ecccee|eceess 
Anomalocera patersoni 
8S | 
Copepod nauplii 
oo) eG fe A A 
Barnacle ostracod stage 
Podon intermedium 
eyes. 5 cde aes \cocces|caeceeleecces|ocores [oo eees 
Ascidian eggs 
Fish eggs 
Fish larve 


were esseseestlseseseeleoseoeelsesees 


eeeeeteesesrlsesesesi|eesseelsseset|seenetioevons 


Ce Oe 


Pete eseesessrorelssesesisessesi|sesseerl|sereetisnasone 


Pee o eee ese eeestartiseesesiloseseesisseaetiseseee 


POOP Peete ete eeeeeeeeeesionn testis esaetisesaee 


SCOP eee tee ewesasseeseeelsesastisaoeneelessaee 


184 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


June. 


Carnarvon 
Bay. 
| 


Off Shore Stn. 
Off Shore Stn. 
Lune Deep. 


No. 1. 
. Off Shore Stn. 


Rhyl to Red 
Wharf Bay. 


Blackpool. 


Fishguard 


Bay. 


Ribble 
Hstuary. 
Mersey 
Estuary. 
Cardigan 
Bay. 

No. 2. 


PROGUIPHIA ics cree ccececcecernsfensons|ocedselacesecfenarco[aactmel| ~— Jlewsme slousen sneer 
BUGIZOSOIENIA. ...0.00cvccoverssvee|erssee bw be wmcuc fos Rent 
SMM SOUS: dia cnat wasuarycacafe senna Bee ee Pee oe recce ee ee | Pee ed 
SFEUAMANOUS GIGRO .....c2ccoreven[esescclroccecfaccsea| Ff [ecese-] te || 4 [enee di deepen 
PPAR | ELIPOR.«... 200 cee ccseasea[e eveonfeencnnls owe ales scmahe wese[> tes ea |: oun aalsedeeeh ane gan 
BMRPCENEICES, 855525 venks ecceodneneeens 
ETOP Re 2 SE nee ae | See a etaree Mek Pee | De ee | Pde 
BPCHOTUS PLUGEUS 22... ..esec.o0|soceecfecseenfeaesen|snaccclecessd] f° besnwadlease edie peennannnn | 
SIS EAMIOUS PIOUS’ . oo. oc. <. 2 cfederce|.sig 6) s-aen]-vanadfocavealessewelone=melenae mata 

Pleurobrachia pileus .........|...... 
Medusoid gonophores .........|...... 
ALO” AUTCHS, 20.0.0. 000c0cerac|ransee)svoscslonecedhesdap s[aveoe)) oF | [onus safes cana]. oue enn 
Sagitta bipunctata .;..........]...... 
Auvolytus prolifer... ;........02|.j0-«= 
Larval polychaeta ............|...... Jeneeccleccces! Pe [essscol Hoven vel cesmelsees en 
MANE ATI A s. clawe'ecesccsenececcdvalesecealocoeea] SF ([-asweslonse se Fs) lavewsdlaxiugwa | meinen 
Meganyctiphanes NOrvegica. ..|......|-6s.ecfeeeeocfenwsse[esaeec[oesees| E |[eeee> sl: eua~el ee 
BGOLCR MATING 2.2.0..5c0ccececes|eccesefersenelevnsss|owsrenfe scons] cE hfe mers 6lewn as eles ann 
maynis Stage of Crangon = ....0.|s<0<¢o) El |owaes a[olsne~aheewesdl <r B[veaas fuses eiuaaaae 
MIL OO Sais esies ag vax Yeoceans 
Sipeee nes NCL ONIS  f1 o5a— sncces danuldlcwacs d|o damn 

Calanus Faisalandiane side dol lene ee See 

Pseudocalanus elongatus ...}......|......|...00+ 
Paracalanus pParvus .........00.|.sesveleceree 

Pemora longtcornis .......20.6|....00|.e000 

SECM CUBES sieinan vac pon dascplsc coos |e vasee) oct S| See Uae) Phe en eee 
PRDATIRA, CisCRUGAta 6.00 5c sle|- seave|acncnele wacne|ns PE eee ie oe ee Meee 
Rentropages hamatus .......<.|.c0cc[se0ee| EC] -K) [es en esl (-P) [bsvenaleb sewn [neomniee 
SMO PAGes TY PiCUs~ ..pos.2ce[stupsl- evs eo fi cen defo rwassles coun] Sr) Iyoesmeive sees ey sae 
Beincocers Wollaston .. ...00<)ove-selee<sho)v iF) Josue def asoan|enus aalewas Ualeaseuehg seen aaa 
MERGING, SINIRUG \) 2552 0c cca dor gefetes ba]akeanls pares 
Copepod nauplii ............... 
Bemnacle ostracod stage ...00:|,:2.caleaseealessose] sf") | scevslons» ti lans> eeliesednb aateeioueeee 
PeGon Miermedium: 25 ..'.4.50).000so|ecesenlecssee|csvoenlsses en) “F) [-pesen) cen cefneiseehaneae 
PEPRANC’ NOTAMANI, 0.5 005.0662 50 ois|e'scs valsnvesufoane ps|snnsbelswns belibas eolanee bah Wea nice 
PEEMAYPLOUES* 5550 ievecvssweesssndlovdse¥leuonen! = | Sty [bens eel tes sand oee hee 
PGMA COIS «so cessscevsuccecaclegucsslsvecnelostehalapaskalsenemnliameyelet aEbeeme 
Fish eggs ........ pe Le hohe th 

sy TEES ae E EE A oir Sartore) Fy eae 


ee 


ee ewee 


eee wee 


eee wlan meee lew eee ele ee ee ele 


ee 


eee wee 


eee ele eee eee 


Port Erin. 


SEA-FISHERIES LABORATORY. 185 


July. 


] | | | 
i | BS es 
le lesa ibis. (eo le: Ve Sipe |e 
Shes Shp Seal ts SS eae sis Algi|A 
x Tela EPs SSeS ies 

SS S5(2 Sip Sle cls | Pn 1B ae Shall 

& (Se Selosls als ele ela ole ola 5| 6/8 

A SASSI elOmioniamoOZlog|o Seg | 
a ee ne 

RE A Melee |oc- [22 no0d | casei |sctwaul-asesslereeeelegvove|tenees|sceeee|suteceloaseee|pecede aie leeaeats 
re ele Tee een ce |iiee te [eons aaaceves|sessee| Ko leven viglovenselsuneve|saceealoeceeslecescs Sa OREO 
MEME OE eso (5.50 4 4\c-224-|reecee| I= [eecseu|ederecleeveveleceseshsreefs P ocacleeforvescleucnes 
Se ME TEV OS... 2 cece se eslon sess He 7 ea Bebo beeeiael ata nl Aes ges b) ee eee ee eeste| ae Inge or Se oe Raeee 
a i ee SI nec |. aca cle e.acs{eoceos| foo |sumswalscuvee|s'ecevelseseacloeacnsleeeeeclecseccloeccen 
2 Shin C2) oe Oe ee ee rr U Siete Acl baer naeae te Hens Cer en eaern me LEREACL 
ELSE a Se Sie 5 HN Steely a dt nH rs al nl ee et eae (Smee | aR |) 
I EN I 22 | nc ce cle ots cslse sonal cbeecelonveeelercneoloecses|ececdeloereaet fb. [coveccleecadeK daeee 
Pleurobrachia pileus ......... za We oa baer TEE Wii ot 
Medusoid gonophores .........|...... Seen es rey ic taet is aia] a yee a lea ek lee ut etes Wed 4 ars att eee 
RN Sec o| sce ele ccveelnsorceliccenel E lcseeaeloaceed[eceees | aie ce eae ale eae aha OEE 
Sagitta bipunctata ............ AO cS aa = layet |et =ten ae 
RR er ere alesse | sees. ce ells dees|scscnalessvenlireves|ooeevs(vaceceleuesvelecceeelecesseliceceleeooes 
OMI PLELIs ONISCILOTMNS ......|......|......|...0clecenee ici sical des \eteteoree 
marval Polychaeta ............|...... slag (misve caste ears Van eer NGA lores ache oI DN ialin's Sila, Na sifuic gains Imcenneye | Meee 
LAL ee SP lsc aah ciee cts BAe Oe itso. Ul ame Benya eempiey mb oNm ab arar beSevetn| Eg | 
Mysis stage of Crangon.........|...... see Peers (eet al netoan pens ah etan lee ANGI as coed Lestat persis fra. + | Nevoatae a ee CAE 
POESMOLVCTADS § .....c.-c0scececee eee et (leas =r le saaleeeerns 
Megalopa of crabs ............ a ab bene Tee ctee neterte 
| el... |.ceceileccnaclouscee| Gh. lovsevelevesec|eoesseleaseeelseesecleecees|sotvesleere ss 
SC els |. oecise|.aecedlvecenalsveca| U. |avovee|nodece|aveceo[iveresloesnse|eesseeleecocdleaenee 
OSE ial colo. .e |e cctne|tvenoulecesech E. |ccesde|cvvees[ocsewsleveeoofeceeeo[beseslevcsesltscciee 
Centropages hamatus ........ alles Nuc cial a et cet ATTEN | Gana Neat m IEE ae SRE RENOL Sar yao 
TMT MI tease 2... 55). 2-0|.2.0sclsoesealbecnes| eo lpuccec|conecalencnve|evacedlancceelecavealiadleuleocese 
Pseudocalanus elongatus ...|......)......|......).ee00 + | +] + fa... 
peaianus helsolandicus.........|......|......|...... “Trdeleaicat lt cise eaters 
iParacalanus parvus............|...... So Rad Reo sf |eneeee|eeenee 
Temora longicornis ............ armel eM (beetem ee team (Ped ECR Vee dar (a ee? Pe CL LENE aga aa eae 
one) OF ime Ocoee | ete tee |e hae | enteae | mest MN eo [a Nel ete esis ib em oe ey | Sises 
IEEE ieee celeron |e. clo caees|ceseee| A \eescdeliscee els eacucleoseas[sdsevaltoorssletecs Pavone 
oe CER IMA sta IE atlas AEM epee tle gos wlhs be cecces oft eehlawae talldaenee eee 
Anomalocera patersoni ......|...... 21 Eki Aesescl MePas Jess eefeeeees 
Labidocera wollastoni......... Sele eatary |Meeteml ie cei ehe ety seat | ae Mec cos with ap nele [cum taverel| tec met at tte aeata'l Moses & lero 
eee cone |oce cel. sccee|ecsess\oscnes\) ce \becceulesccasleseccelenoveslecuctelsecealeckedstecboe’ 
vo 28 a fee teem Ei a0 lh earm al becou 
ME aoe eco 622 poc clan anelcesssslbameael Ae lscocneldederelduocalecsdsalecemasldecce(ecoovtleatiws 
NE MF oc tel csc |. 252 -|.b or colue ee celeateaeleascee|s subucloseennleadacsltcecasliase«alscedeultectee 
Alteutha interrupta .........|...... Sheri aerate | Mecetata aie hel tent ava oe wetehs [ee weal lig wh eee Sa Morera ecattcne [ble weiots vets team as 
EN E20 ao oire clr nc lp 52 stelaveevel?donsiel) (aba sloaciwe (sb scyalnyleeludureeltves solve ceculosooesleeeers 
Podon intermedium .........|...... Tell \oiaractatel|eterretaleteiaie ath ie clan. | Nemces)aleRotc al bpteersrel| tc atoera ee cane Feo Ba Eee 
IPCTICICATEM 5. ..........00eleecese Stak iletetecttta lbicanstte| Seeiepe be tthe eee meltp tees emiemsaly Ova cance aenilL esac afl le 
BveGnermordmanni ............|...... laa [eit icia leiaeets |etantal tae a etneas erect a terehcell bie be balla sis oielt wu ee aeiom ots reine 
EN oe eei2 02 deed cco d |v somalceiernalacsdsalsercaloccecel ced chiweecalhceacsfvece ocle sees Sli Bee 
Ostracod stage of barnacle |...... Est itapoca sl oaeeine eae sO eR Peale alates (suns shiva denale sks uclnevaalotanem 
es cP ae WP ATS | Meena nen tN 
oe cece ccoccleccecs SEN All eke ayers ietaraietn ICP een Cet Wore ai eteiecke FL cteh *tA his Silke deo lee cede ean ce erelcaie 
EES rece cece ca cess eaeses eens +/+] + oe fe oe pee a eri: 
Cosi cit) Sham encey eae Naam mnre raat Metaaluse, HE COURIC Sta cl oaiduwie|Seee'se la somes Sema 
00600) 1 Lae Bits Bika BIN IS” UIT er a i ea | sie a a Pg 
| 
10 | 25 11 | 20 | — 


186 


Biddulphia 


August. 


/ } : 
} 
' { 
| a, 18 | 
oy D Wy 
= : @| a ; 
Q a Je ate tee E 3 | -£ 
g Pal bl O > a s 5 S Gy 
oy oH Pol? aa] & ria) 3 i] 03/8 3 & 
Sa |2S5\as5iga s|rj ,.| 80 la! o 
rs) =) PI SIA sid sje op) = ~ 
8 |\2 Be sslas|s Be bra w cla s| 81 8 
P| | Fl 1 Oma ea| 4-1 ee 
i | i | ' 


eee eee eee eee eee eee eee eee ee es 


BeIMMEISOIONIA ..c 220004 tele or sa Peoee be eeealee es 
MESHONNOUISCUS | cccccecaccctnevcesliesces 


Cheetoceros 
Gelatinous 


eee eee eee eee eee eee ee eee ey 


algae 


Sete ee wee wee ee le wm eee eln eee ee wee e He wwe eee HEH HH EHH EH EEE EH Hew EH HEHEHE AO HEHE EEE EE EEE EE 


MSE aaNUIN © CLIPOS, «500.000 -c--arer|on cere 
Meratigm fUSUs .....c.<cccsecesscleences 
RrePeuttUlTh  TUTCR : 2+ duc nccush wer eclavcoss 


Noctiluca 


Pleurobrachia pileus ......... 

Medusoid gonophores ......... 

Sagitta bipunctata ............ 

PRM EUS “LOMO, ..2..2- + tevaliswss efunasy clowns « 
LOL il) a ee RR) Fe 
INEPT Foe otse von cme bewsalaztens 

Mysis stage of Crangon ......|...... 

Mes OL CLAUS. 2.55 .5.cccnca2-cneule nage 
Megalopa of Crabs ............|.....- 


Erichtheus 
Trachelifer 


stage of Squilla 
stage of Jaxea 


Pelagic stage of Lobster ......}..0..|.....sleccsosleesees 


Pseudocalanus elongatus 


Paracalanus parvus............ 

femora longicornis ,.:.....0..<|.-s:0 

BACAEGD CLAUS 0-002 cccvennws okfacanen 

Acartia discaudata ............]..... 

Centropages hamatus ......... 

Memuropages typlcus® -..sq.c05|- «asus lncdendleceen dl ur wale eens 
MEMAELOLAVADON . au5az 5.00 ducdeaniesayianaenates elon lean alma |aseees 
Anomalocera patersoni ......|...... 


Labidocera 


Pontella lobiancoi 
Parapontella brevicornis 


wollastoni ; (c0s.2c4b avaloaccs dle bees ecules 


pees SUTNTNGS 5, 5; a avides apse [sues khlaces eer ee lmeemea ewes 
Euterpina acutifroms .........|....es|ssssssfecsess 


Alteutha interrupta 


Hersiliodes 


Copepod nauplii 


littoralis See emt le mew ele wee etn wee etiam ewe e lin wee eta eene 


Oem ee eel ee ewe ele eee ele eee eela eee seis eee ee ian ewes ein wees teins ee eeia eee eels eee ee eeeeee sees ee in a ee 


TOR ew eww wwe meee ela eee ee law eee slo wee ee lin wees ion wee eens eee Hla eee eH AE HH EHH HEHEHE OHHH EH HEHE Ee 


Podon intermedium .........|...... 
Pers IGHOKOTEN ...200cccvsnvelevesss 


Eurydice 


Idotea marina 


Oikopleura 


Poe ewe ewer eee ewetinnseesio see esiseosseels esses isseeetiseseetiseeeesisneseeeiowseeeian wears iaeeeee 


Clee 


PRBGIGHAM CGI: oc casncgecasscvenpulepee 


Fish eggs 


SOPH M Bee HET EH EHH HEE Heese eee osEH elo oeeeeiseoseseiseeeseiseeeeeiseseeeiseeeEsioeeeesiseseseiovesesise see ®e 


Bay. 
ee 


os 
os 


} 
SEA-FISHERIES LABORATORY. 187 
September. 
q; Pea tes) | er) 
‘ Cys MD ay : : 
a ene ela le le. le |] S 
BloklphSel2 | |S |S iSi(S6le,(0]) 815 
_— Gs) 3 SeliSalosao : 
6 (SSS SIP SIS cls ePID (DN A™M|s¥| o |] | o 
& Se Sulge|s sik ste sie sla cla clea| 3 | 5 | 8 
AO. |RSS ESIOMIOMIEMIOZIOZomiméa| a).a|/4 
OMNIA wecicneraisc- 6 |e- ce csloncceeleseses es al ee Fi ABR SacolMcooe aonene Ierecenestellsissehuicleata tape a ecesia | aa 
BEVHIZOSOLENIA 22... .0...cs0c00cee08 SI I eciviterlloiatecco's w festa Byeeeaball tars creilcvanaialsyelie dasets Ae al hee +} + |... 
i MOSCINOUISCUS 2.6... cc.ces0c.ss|.0i-.s Hf tl ateieler ae taleeo rlasphal etstat tell evarciotete | Asatctorsl ciacesrs fo lristanscta Sen free eoara eee 
BN POR CUOS MMe sca ce.sesst\eea++|eeseeu|oos0e rae beotes ars aaa alae SacpIaS Aaa Retr Mees Wena essa 6.5. 
Ceratium ‘SUS CS Aedes cee eee feel Aol ecto et ate tlareinrer ol ae bicteis salen o clefasioseell scene cl nade Sma BAcbs een 
BeeravlUI FUSUS .......0...02+0-05 eh eae sacsae I feo Nata ate sda ereVstorelesarcltate eternal one escocel esas afer dere Aare 
M@ecratium-furca .............-2.-. + | + |...... Veveete Wil worsens BEM Nola ya |S atoiee sires alcorag alle mteae s Sea eee eects 
BOC HINMCA © ik .. 5-25... 0 cae scceee es + | + |... Weft allgai ara Menace ral epaceictel tte ntl neve nasl emcees [eiem ates oe lea ee 
Meeparamgis pluteus .........-.2|...-.2|-..-00|....0 Wedeest iad vere Al Paterctont | secttetcvlloxoiacterAl arciestele Tose ennui w give el loctoe aml Sava «ell een 
Pleurobrachia pileus ......... aie ks |e teat BBEB Ge aril cece Pt oialevaa ketal etctae Aceyalone ticdns Gane leeomine fey Sears 
_Medusoid gonophores .........|...... aie vane Le ace eae dae See escrito a ys orn epuinan Cragta eae + jesse 
 Sagitta bipunctata ............ +] +4 he... aes ass Re cHatell attests koteba ta waraieanetslest 284 +] + fi. 
Melomopteris Onisciformis ......|......|......|...... slab esars elect eh epee el kesh ped eet yeaa [Desert tall ave asol Ne ames =fpih [eters 
? Larval Polycheta ............ Mg RAE alates cecal hice a 5 Sed irae ereatniival elle se ote leeevoalls Sawa aR ae Me 
Mure) °7 00. ee ee oe tens le tains trial lade slo n'carsclleeeins [astieatore [nea diseile sieeteral aes Se eesin 
5 Mysis stage of Crangon ...... ei | idenee Sta aie SERGE ae Saeco Rep erom natartol aie Ser ae Ame (are a 
LOR) Cl (OnE eee set Bandon SP beeen 2 sPaerces te cee sates ie [tsa i ercherte cl pe are Ie Simo [emer 
MMegalopa of Crabs ............|...... seeplecet es Stean meme ana cse tom ome aloetioes |axon atau lesatlatenel|e mcciate leah else evens 
Te MeN ICTIS) 221. .|.0..<2|-.c2 4c. 2200 |escese|squete|avcreclacsereleccesslessenslesesestecsses|orsues Peg Wea 
MMI TC MOMOMSATIS | 22 .|,..-2.|....|.2.0:.|os-0s+[eeceseloacescleseace|sccues[eceacsloccees[osecea|eceres Sa eee 
- Paracalanus parvus............ + | + |... ee ete atais STM geamallaitectstlleta ye aleiemetcrelatan ar + | + |... 
@ Lemora longicornis ............ Sem: Macseae fen Naseiar's Steels este ae aeee clk aise geile elses temas ste ee sale seer 
MeAicartia, ClAUSI .......0....00000. + | + |... Pleat eterate aPeeilats om tanien he a are yee ol caste a ae nae core esc etae eee aerate 
_Centropages hamatus ......... + | + |... Seay lactate Stead chances ltr allies waste cohnicnn eae See sate hells iene 
_Anomalocera patersoni ......|...... ey eee Sates Aleta snleea | Lege! ee aes SNe SA tally ax lale eeu 
_ Labidocera wollastoni........./...... + |ieeeee fag | Rte ase sata ated ie tEIet aaeell asia’ o lsvaiacteral Maotee cette anise ctsteatars 
Meicnoma similis .............5.... Sal eee ae ences Sree ee eat dM cmehie hed. alageone Slee ie cal eee 
ormilelley (oeys)0) >.<: lade eeal crete feral cc atl Stetociesa ee arse led ae [stele nail ooracers le te a eee 
BPE UPCMPMIA ACUUIITONS .........\..0.0s[eoceecleveees peter ed SLEW. cehsdasallscicravollotarstave oll onstee oe | otatra ealerate nate ede el careers 
@eliersiliodes littoralis .........|......Jecsecclecsess Pf ee ciehalle thc ate eleven t.s' nis aut al| «08 ws mallet tome lee tete a laeaeia ely seine 
MOVE MOOMOAU ONT 2.26.50. ..ecsleceeecleccossloseeee lesshebste | Merasistellbieledieie|sisosatvlele seins |oielnaloue [neatiealeeaeaelaeenee fale Boele 
MPEOGOMMIMCCHIMCHIUIN «.........|..02--|.200--|ecceoclocesceleceees aA lee wee u eases al ateaivel mama ale ceueal teaaere Sees 
a 20 a ot eee) Be Bee ee Sa Be SPs le wie sleeee ec lateciate leomercelneak aaah teats eee 
LS OG StERMIDN= tral ers Sieliea tere cle diate Sees cele ral|e'cialh nto Pacctaa cil S's Se sra/ala Se alas eterall telecom | etal a eitacters 
Melcotes Wmearis .................. SFM leita ell tetas gle Seat ah iziiclamrasieisi|uen sis'v lave aerstale sere ell teens ule uawate Stal aeer sae. 
Meldotea Marina .................. STMMMlEMEr tay Meta’, M [Scar aween eco et, lene ecileccrecarelslMte ci-col ttaretetalate eahta letatovee'e Se IL eae eeeree 
MUO PNOM Tec cc ccs cecsccses sees locvese Sete aior ise Falueto! fea eMratcta beret il aera te eral haters + | + |... 
_ go Cleh) (yc i Sle yil sade? leleeers [eieracteis ats leraeetld Vetta cl ateaa es spl is ey rsifnnc ote Cte) [eaten ataiaetate 
MOUS SASTCTOPOdS .... 00.20... |. 0000 [eeeeeeleceeee DP Ae Rese rlate letatae ac leenaeeee «li dakicee (ite bea |ceretiera | ste cactall aster | u safeia 
my oun lamellibranchs .........|......|......|.....- | are alee ontate Merete eras letras eile ditoae fel sarc lalewaet t stmauial etoeaiere 
| 17 | 23 | — | 26 | — | 26 |; —; —}| —}] — | — |] 18] 13 | — 


ed 


188 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


October. 
rat | / a if js 

= fe = g as) a |e a | 

8 B} ploMie |g 1a |e) pe eee 

Blo wlheleaw| & Sp tes 9.1/9 19 1g 

ed [st SIO S|_ | Ss ag So Sea (Sasa a 

OPQ S255 S/S po pla pi2 | jm | Ss 

S& iS bo mlSo| sale a|.2 ait ol cit Silas 

OQ (SalSRi\eSlOmiom|eMloZzlogionimma 

| ! 

(30G UU Co | o | Sree elites cneeees bie | po sonelesneaslecmmes|anecuelemenn atin an 
REERCAORONOUIID,. 5 hia naiean ddnialeowacsd ae nae ple chem|cetese Se leans eee i SS 
SEROROCOLOR. <o5.4. casasimsacvecheoe lees ¢ | 
MPOSCINIOGISCUS © ...5.0csanerroes = “ | 
RAC UTA GER IEUL <nivs.oica cuentas cabal spp sien ene alas 
PRSUICPOCH DO. si nies ace oxaysre bots | + 
ED UEUEPYAL, gacisna.s = dbcis os on veewereialsninnrs [se ayalemet aa butleak - 
PEMAIARSIOURGIX 5 nncce sce nennys au | ROR RE Seed ha 
Ceratium tripos..............00+. + 
COPEAGIGIN TUSUA «.6..00- cesses ene + 
SCPERUI TUTOR). i. 0i. ssc eemaase “ 
MPTRUICHE, Ooh ni ciacceclana cas s/envero + 
REARS! PIOUS iin. sce sve mateo emans)s 
Pleurobrachia pileus .........) + 
Medusoid gonophores ......... aa 
Sagitta bipunctata ............ + 
Autolytus prolifer............... + 
Larval Polychaeta ............ + 
SOMVATTETIS, . con «onic one-one en's au:0,05016 [uigun pis forianse [aia onl|nia'saiom |e ademdl ta s/f spate feng ss setae 
Mysis stage of Crangon ...... =f laaaeiels sees ak Hh seetdalntcemels Sek alana + 
Meganyctiphanes norvegica. ..|......Jo.cove|-sexevferceccleccese|ooeeselecenna|vccrce(ocena clas sage)s yen ms anna 
DEMORMIOPA, OF CLADA  vseceisnatens)iasane|ataneelsviaioe 3 a ae oan Heard epee Oa + ia 
Calanus helgolandicus .........|......|sccess|-soes fa vsede[ovcecelenmece|+esenslooese0/u sans) anaNe ann | 
Pseudocalanus elongatus  ...|.....:|-ceavelecseesleccovelecsenclecccccleeseecfasesee|so sn aje/suhea lane ann | 
Paracalanus parvus............ ot See + | + |...... oft viene glace salsa 4 
Temora longicornis ............ ai. leased + | + |... re) eee) a el hes a 
PAO CGES CLAUEL . i. ss cnicevasaccneres “EA ladkun tle dies ral Pee BN Een ret fee +] + 
Centropages hamatus ........., + | + | + | + |... | Soy | eee ree + | + 
Anomalocera patersoni ......|......J...0.. “ [enciacleceewsfaccnss[scesealeeen cole sncics|om ex am iieinstn——————n . 
Labidocera wollastoni ......... =i i ashealaeeand Sl PERT eis Buchel nea pales eae + |-ssondlesscuu ae 
Oithona similis ,............0000 AE Wnceanele ake er Se Ce sae + | + iheaseeheee 
Euterpina acutifrons ......... ea) ee Oe oe eee of |. ccevclesescclessocelseaneuienneaninnnn 
meeremodes Lttoralis: .issi.cacele qaccaleaccsulecsaes A’ |. casclacsonelsceccclevscecioceves|s sp Cstewnannnnn———— os 
BASPOG. TAU PI | isa. s a5 shen cagalagaves|ecetaxteevs ghlenerteleceaks |.wexuelenenssfecessalessesalveedee asnn be 
Idotea marina ,............c000 ot ‘lls earsdllc gimvele eamealoneeae Ls ccadfe waun ofp ceceslenie nly sake mann a ee sae 
SEMATEIRDLEED: | sc voto ovc’baiawessvaenuell caval te ceuwelosaee Merl ieee | “ty oles osleceses|onecveleonss sen gueea ! 
PR OSPREA (ORGS. oop x nouns oceve cule yshenlenaegn|oscnilst eeanieeein | av aqualvvieas sles canals seatele dua ne]ip sn 

21} 4/12) 15| —} 138}—j|]— 12] 9} — 


SEA-FISHERIES LABORATORY. 189 


November. 
eas | d |é ig : | 

A ele Woe eile |e s | 2] 3 

le ale se sle ele plese je ia) se| 2] » | gs 

& \2elo8 as| 8 S15 Be Ble cle cle cla | 2] 8 | 8 

i AS SeMEOMIOMlEMIOZ|IOZIOFZ\Aa| Sia] a 

| ' | L | 

ee Ret RM eels serine (Se cac ele ese 0c|s- cae s|scseseleoerss|eececelocceseleceseale cancelecescelesctoe|ercees Se ae Ae 
IR ceo Lela) 2 oe Oe ee eum eeetellnaeme Pceamreleaemal Mammy lee clay a tel uae oe le I ee ge 
BURIOEMECED EY Geese vai s:-css--2>+|eee-+e|--0- 0. etre Eee e cree lel cruel oa east Ue cae Soil aaleala lia deN allay ca sulerina ae 
SCIAGMISEWS 2. 25--.n2ses0ces-|ocense\ese.s. fe liste lawns Seo eect siamee Seyi eatee cies eames oi Nea oaee 
BP SUAIVMP ITU IOS. 22. .0-.0-02200000 |e 200s |ss00s[eeeeee ee Ce Rae ee Se ame Nala Gece aen mare steal ape 
 ESe\UTTEITT, G0! Ace ee Ae ed eae clas eerre Reece a lee tanec sec le vce alates rail aeies ol cowaes 
Mted AMEN Ayo once zoe ea coveelececoelecsese[eveses Se Uilae cee bee aera) Meier fete ieee alt arse vale meas oe ile dee 
 CORULTOGE) | paced eb eee en Si es eee stile aa crc ete 3 see tlar tek 0 Reece eased [alert Soe 
Ne HT GRIDTE ty Ce tas (Sede lev ccic cle svcssleccocelecescelsecnes|icereelererecloceces ie Sen Ie vaca Pate Bee ea 
Brleurobrachia pileus .........|......|.....- See Wate ibaebe lise aeallawmacely serie ec. ts Sf WiWalesiere learon'e odmectowale ciate 
@yedusoid gonophores .........|......|......]...... Slee retail te sty inva sa [eve se acalescctcto | iceiete es ovarcs oa ercteeele [eis 0] beter 
Beagitta bipunctata. ............|......|e..-- ee a eee ed eh a ee td es Ss RIAD A et Se Ae 
Bee OI PUONIET. 20.0... nc ees |nvces|nseecsloveree =o Bago Gaeta Wachee ace bol Saket s KASAae Rapes APR ARLE Sauclbhect.. 
SCO UeTIS OWISCIMOLMIS ......|......|-...02|oceeeelecceesloneres sir wlcteensiara lacticvalalaiefes esaheactects sl siak orl corsets ae choke eee 
Biarval polychacta ............|.....b... Pererel tec cureelsecialb a A ila wSlul, dale ke Lees aoe dale aeate Ae erent 
COR Tie DE aries bine ole cre s|- ane -'s|- eure leceoes|ooavesiesiessieloccrerlecoess|esersslodecscleesede sf lees 
“Meganyctiphanes norvegica |......)......].....-Jeeseeeferereefecees stot sisteteae|| Saibeis eltreivok Slats save el ors Si ate (hele stg ane 
'Mysis stage of Crangon ......|......|......]...... Statues sled le catne el eissices aetersee el wrnel Esctjaio}|scine/ cal Moree aise ae 
CENGAGE CLANS 2.226220. 20|ee sees |. ese ee[eeenee ary alee ee ete Seri ctepall oe sie sft setae Mo gaia lace cie ercit lee ee 
Bae MCIOOIATIGICUS -........|. 0200-02000 |sececelecece closers Sa ee hl eRe oertine Ueto BES anh ES ame rete pec. 
_ Pseudocalanus elongatus <0 (5 cemns e rel Mae tel Aeaetel eerie eae sla ba retah tell Mote tata atasall eee caters ee |e etbine 
Seeders las PAEVUS .....2..0-.-|--0-00|-.seecleseeos ate ce ate Sale te alate os fe lyse het ilaetas ote [eaniate “f= | late gatas 
-Temora longicornis ............|.... aly he: +] + |... SE ice A Puma anes Sea inert Aine eee 
i; UE 0) 2S + | + |... eet steals nara af \rts | laceatas les entag “te. llemasise 
_ Centropages hamatus .........|......|...... aa bere SE GeAee ne ies aimee ae! Ll itagall ere aual Beene bortarinnecs 
BAS MOIAVACN | oeacer sce sse cere: |.ecees|eeraes le tabl ers tise ecaciciel aatgateleleslen aay Stine val ete oi [e rata lo tae ae etn Maran Cee 
_ Anomalocera patersoni Sean Bere teen salle eisaisre (se ater oer cia STi acest cereal orerscrokcl eyecare alle nee ate pilsueetas 
(@Labidocera wollastoni.........|......|......|...... SIpAa eal ea alas Meta aes dltneih acl ctouiccells) ional seco Ir taihats ebb 
MI PHOMAMAVTMNIG ........-0.-..0..0|00c02|e0ee0s Se ee ee Sep aocsa alae sect ates ats Se orate Slattelors ae eet? 
_ Euterpina OES), eke EE A SR ee ee sfeallpsa oatazelecisioecgle eces Solis cere etre ate lane Bic al oheteate [are 
MET Oe MGUOT ANS, «2.2.62. .0|.. 28. 4|. sere |eceeeslsocecsleorece lessees rfrsaldl sates dal Setsiocll Nefuejaiallsimtniatel reveal rll Silternpe laa 
ol ee 2/11 es Bes Be ee | Bre BR Cicl Bere entre eee ert Para He 
_ Podon intermedium ..... Hoo Mpbnee PAbaee Beemer Se PORE cl ogrieic JBcHees EAGe | Bs mec RENE | Wate Peanuts 
WLIOMTIME I lenicies oe. ccncaveccccess|ocsser|sccecsleoeses Se eee ota Nala ga fe MloectEDey eae teliciy ae lbeantte 
— |—]10) 20; — | 15; 11 | —/ 10] 11 | —| —] 15 | — 


190 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


December. 
ie ae 
ss) d id is 

a | |e Ble ~ |2 |2 |@ al . 

8 BS BoM 18 jf |B |B 18 |e |e 5 

S\2abal=ale |S |& |e alseilses! sy 

SIS SIESIBS EAE ela al? 2 (2 oe) oe 

& eal Salae|s als elf sit Slt Sit s\aa| 5 | & 

| BASRA EIOMIOMlEMlOZ|oOZjioAlmml a | a 
| | | i 

SeORMDCUISOUS ©" 5255522 oes eotds| ei irene Se ee eM he | + on 
“OTE EE |e | Bea io) eae ae ke ieee 3 
USSSA PRR ee Poon DEER Oa Wider 2 yah iy pres |, .cecleeserelseceselowps'se|secunel dasa ames 
EEE RAS Ree Oye tol Ade PUM) A pd 
SPRAIN PETPOR 5. vk. cecasencese(datemofonenns + | + |...... | 
Ceratium fusus...............-+ 2 i Cee + | + |...... 
Pepe ONE, EEO, 55-0 abies > daoeuns| Ge! la seee'afes cowelenenee bap enae 
MEME AAREIOSD) Nis Tes cotn ad sens espns oa CAE maa Wiss mie Poor 
PPPEREMELO RIO (EG io 5's.<'c cm sacis ond onalalinavec leeaceabin et oe haeets lL aceee teen hace 
BEMMIGOUIS ©. oicca nc vn cto acwdeceseaseus|enasied|siencse|owwaaelenatan|cue'nnn|.wkaaalemse in| teen =aann 
Pleurobrachia pileus ......... 5 ee ee aril coe oe 
Medusoid gonophores. .........J..0.0s[ecessofeoernealescsenfeacase|seesselsooy ox|+~nsuc)sasneel sienna 
ene ETEULUETEY CPG 07 'sl 035250» a Sa]ensapad seein ek alea amas aemaea (ere eee 
Sagitta bipunctata ............ te ile oats Se (ie aot Cee + 
RG DUS OF OMECT: ae csnccentnen tc dtealsscacu fen coeblnee else ee + 
POMOPtEris “ONISCILOTIAIS. .\....4|.. oss lesdsen|oeceve|nceestnaadas + 
egret SP OL ORIER 5 o0s.<cec eed dfn ciew aa [aeee ne sn Ce ee aa 
SeURMPAEEA Aino crek scale snebensicovess |b. cpositesmualecusac ht aaa + 
Meganyctiphanes norvegica...|......|......|esceeeleceeeeleccees + 
Baits SEALS OL CIMmGOR | 92. <Seihecac'suhe sar ue |taon ae leere es poems aa 
Salanus helgolandicus <.:. 02...) vs<<sbscapabeeseesfeuccokborsas + 
Pseudocalanus elongatus ...|......|...... oe apa Ee + 
Paracalanus parvus............ eT stn. a ae Neo eet ree + 
Temora longicornis ............ Ath soma + |] + |... aa 
CATS CLAUSE sisi sssecscccssees| HE Mfawnse aa) pe tease + 
Centropages hamatus ......... sal Seer deat hits ae Pee + 
mnoOmaAlocers PALEYSODL "2503 <ic|csnsse|oendelnavaslecadan|memae + 
RRO, BUNS oooh acess escsecaslocctottunes SES es Nin ate + 
SGICEOINA SCULMITONS 4. .01 0252]. cseahoukey|-nesvnldsucneles sues a 
ADRIANA BANGOR. oo ..cescsccvlccenscloousenl|voosesfevweneleors asleavennlseesye|ieaatuls omen aan 
Monstrilla longicornis .........|..0+0s[escese|ssecesfocesse|escesu|osenns[essene|ss en ce(svann0)euvauelet ee an 
SPUAOEMCUIDES vis os vcs vecses cas catecnd| nase Nenvealoneasprewegl abies “bl. cae enloaannolen ne 0 ]ene bel Erne an 
ESE |S Psy aban oes viat aducigune|senemetimaren pee eres Wee ane ieee 4+ feesieddicusselecesek|peewslls eee ee ee oli 


SEA-FISHERIES LABORATORY. 191 


FAUNISTIC NOTES. 


By ANDREW Scort. 


(1) Acanthometra sp.—This Radiolarian only occurred 
at Port Erin in November and December. In 1904 it 
was noted at Port Erin in February, and off Rhyl in 
March. 

(2) Noctiluca miliaris—A most extensive visitation 
of this organism took place in 1905, and its movements at 
the beginning appear to be peculiar. It was first noted 
in a collection from the Mersey on June 7th, then at Port 
Erin on the 19th, and at Fishguard Bay on the 23rd. It 
did not occur in the tow-nettings taken on the North 
Wales Coast on June 6th, 20th or 21st, nor in twenty- 
three gatherings from Cardigan Bay, representing the 
whole of June and July. At the end of June it had 
become well diffused in the Northern area, and continued 
to be so for the rest of the year. It turned up in Car- 
narvon Bay on July 20th and in Cardigan Bay in August. 
These records seem to point to a southerly drift rather 
than a northerly, though one naturally expects that the 
invasion would come from the South with the greater 
volume of water that enters the area by the South 
Channel. An earlier collection at Port Erin, in June 
might have thrown more light on this point. In any 
case, some time would elapse before the organism reached 
the Lancashire side after appearing at the Isle of Man 
iif the distribution took place from the North, and 
Noctiluca was not present at Port Erin on May 11th. 
Some of the tow-nettings taken during June, July and 
August off the Lancashire coast were pure collections of 
this protozoan. So far as we know Wocttluca has not 
occurred at Port Erin previous to 1905, 
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Every opportunity of examining fish for parasites of 
all kinds is taken full advantage of. Mr. Johnstone is 
working out the Protozoa and internal worms, the leeches, 
trematodes and crustacea being left to me. A number 
of trematodes have already been recorded in a former 
paper, but the group is by no means worked out. 

(3) Hpibdella sp—Plate VIII., fig. 1. 

Several specimens of a form closely resembling 
Epibdella hippoglossi (Miller) were found on the skin of 
the common dog-fish (Scylliwm canicula). The fish were 
caught in the trawl net when the steamer was at work 
South of the Calf of Man in June, 1905. The parasites 
were confined to the head of the fish and were mostly 
round the gill slits. A single specimen was taken some 
years ago, but owing to its contracted state could not be 
worked out. The parasite measures about 2 mm. and the 
body is of an oval form, thin and flat. The suckers are 
rather difficult to make out, and so far as can be seen the 
posterior one has no hooks. Until more specimens are 
secured it is probably better to merely record its 
occurrences and leave it unnamed. 

(4) Acanthocotyle sp.—Plate VIII., figs. 2-4. 

A much contracted specimen, about 1°8 mm. long, 
belonging to this genus, described by Monticelli in 1888, 
was found when examining washings from trawl refuse 
brought up in Fishguard Bay in June, 1905. The usual 
habitat of the members of this genus is on the skin of 
skates and rays, and as a number of rays were taken in 
Fishguard Bay it is practically certain that the Trematode 
had been detached after the fish were captured. The 
genus is easily recognised by the large posterior sucker 
armed with numerous rows of teeth, and by the presence 
of a small secondary sucker or adhesive disk on the 
margin of the large one. The shape and position of the 
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adhesive disk is one of the characters by which species are 
defined. In three species the disk is circular, and in a 
fourth lingulate. Figure 4 shows the shape and position 
of the adhesive disk in the specimen from Fishguard Bay. 
This is the first time we have found the genus in the Irish 
Sea. 

A number of bass (Labrax) and mackerel were 
examined during 1905. The Trematodes already recorded 
from these fish were again found. 

(5) Microcotyle labracis, van Ben. and Hesse.—Plate 
Ie, fic: 3, 

(6) and Deplectanum aequans, Diesing.—Plate IX., 
fig. 4, are from the bass. The former is a large species, 
but appears to be rare, while the latter, a very small form, 
is always plentiful on the gills of the fish taken near 
Piel. 

(7) Octobothrium alosae, Hermann.—Plate IX., fig. 1. 

A large number of specimens were found on the gills 
of a shad, Clupea alosae, sent to us by Mr. Robert Jones, 
Fishery Officer at Carnarvon. Not previously recorded 
for the district. 

(8) Octobothrium scombri (Kuhn)—Plate IX., fig. 2, is 
the mackerel trematode. ‘This is a very slender species 
and easily overlooked. 

Two members of the Hirupinréa were added to our 
list during 1905. 

(9) Trachelobdella lophi (van Ben. and Hesse), from 
the gill chamber of an angler fish (Lophius piscatorius) 
brought to the Piel laboratory by the steamer. 

(10) Platybdella soleae (van Ben. and Hesse). 

This is the little brown thread-like body often seen on 
the black side of the common sole. A number of the soles 
caught between Lancashire and the Isle of Man in 1905 
were covered with the Platybdella. 

0 
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(11) Larvae of Lobsters——-We have not previously 
met with these in the tow-nettings, and their occurrence 
amongst the plankton is worthy of special notice. One 
was taken off Ynys Fach on July 14th, one off Llanon on 
the 22nd, twelve in Carnarvon Bay on August 10th, and 
one in the last pelagic stage in Lune Deep on August 25th. 

(12) The Erichtheus stage of Sguilla was recorded 
for Cardigan Bay in the report published last year. It 
was found again in the same area in 1905. In July and 
August these larvae appeared to be fairly uniform in their 
distribution between Ynys Fach and St. Tudwall Islands, 
and extended seaward as far as the Patches Buoy off 
Aberystwyth. Over 100 specimens were found in a tow- 
netting off Llanon on August 9th. 

(13) The Trachelifer stage of Javea has also been 
previously recorded. It occurred in 1905 in Cardigan 
Bay during the months of July and August, and in Lune 
Deep in August. Mackerel caught off Walney early in 
July were found to be feeding entirely on larval 
crustaceans, such as Zoea and Megalopa of Crabs, &e. 
One or two had been feeding exclusively on young Jarea, 
and their stomachs were well filled. 

(14) Pontella lobiancoi, Canu.—-Plates I. and II. 

A regular invasion of this rare Copepod into Cardigan 
Bay was noted in July and August. It has not been taken 
at any time on the British coasts until 1904, so far as we 
know. ‘lwo males and one female were found in a tow- 
netting taken off Llanon on October 27th of that year. In 
1905 we have noted its occurrence on the following 
occasions:—July 3rd off St. Tudwall Islands, 14th off 
Ynys Fach, 17th Tremadoe Bay, 21st Tremadoc Bay, 22nd 
off Llanon, 31st both at New Quay Head and Tremadoe 
Bay, August 9th off Llanon (105 specimens), L5th New 
Quay Head. This is one of the Pontellas that has a lens 
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in the rostrum, but I find that the lens is somewhat 
rudimentary in the female though well developed in the 
male, as shown by the figures now given. 

(15) Monstrilla anglica, Lubbock.—Plate IV. 

Mention is made on page 46 in last year’s Report of 
the occurrence of a Monstrilla in Luce Bay which 
appeared to be rather different from any of the described 
species. A number of males of the same form were taken 
off Llanon on July 22nd. After a careful examination of 
the appendages, I am inclined to regard it as only a 
variety of Lubbock’s species. The fifth feet of the female 
are much longer and narrower than in typical specimens, 
and the male has a peculiar comb-hke structure on the 
inner margin of the last joint of the antennules. 

(16) Corycaeus anglicus, Lubbock. 

Specimens of this rare Copepod were taken in a 
plankton collection from Fishguard Bay on November 
11th, 1905. The late I. C. Thompson found it at Port 
Krin, but this is the first record of its appearance in the 
coastal waters of Wales. 

(17) Gardella thompson, n. sp.—Plate ITI. 

Description of the male: Length, exclusive of furcal 
hairs, 137 mm.; body seen from above, cyclopoid in 
outline, moderately robust; antennules slender, seven 
jointed, about as long as the cephalic segment, third joint 
very short, fourth and seventh joints longer than any of 
the others; antennae and mouth organs (figs. 3-7) nearly 
similar to those of G. callianassae, Canu; swimming feet 
also like those of the type; endopodites in every pair 
longer than the exopodite; fifth feet two-jointed, narrow, 
and longer than the genital segment, outer margin of 
second joint furnished with two small spines; apex of the 
joint with a spine and a hair; abdomen five-jointed, 
fourth joint much shorter than the others; furca 
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moderately long and narrow, and equal to the combined 
lengths of the last three abdominal segments. 

One specimen in a surface collection from Bahama 
Bank, March 7th, 1905. 

This new species has a general resemblance to the 
type G. callianassae, but differs in having a more slender 
fifth foot, which has two marginal spines on the second 
joint instead of only one as shown by Canu, and by the 
shorter furca. The furca in Canu’s species are nearly as 
long as the whole abdomen. 

The species is dedicated to the memory of my 
colleague, I. C. Thompson, who studied the Copepods of 
Liverpool Bay for many years with marked success, as 
shown by his numerous reports on the subject. 

(18) Caligus scombert, Bassett Smith.—Plate V. | 

This parasite is occasionally found when examining 
the gill chambers of mackerel, and has already been 
recorded for the district. C. B. Wilson in Part I. of his 
work on the North American Parasitic Copepods* is 
inclined to doubt the validity of this species and the 
accuracy of the figures given by British authors. It 
appears desirable, therefore, that figures of the form from 
the Irish Sea should be given. We have not yet been 
fortunate enough to find the male, and the illustrations 
give the characteristic features of the female only. The 
parasite measures 557 mm. in total length, and the 
abdomen is composed of a single joint. There is a decided 
contraction near the distal end, but no trace of a division. 
The fourth feet are similar in structure to other Caligi, 
and have a basiopodite with a three-jointed exopodite. 
Sternal fork slender, sides rounded and tapering to a 


* Proceedings of the United States National Museum, vol, 
Xxviil., pp. 479-672 (reprint No. 1404), 
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blunt point. The width of each prong is about equal to 
one-third of the incision. 

(19) Anchorella scomberr, Bassett Smith.—Plate VI. 

This species is here recorded for the first time from 
the Irish Sea, and has been found on the gill rakers of 
mackerel caught off Walney and in Carnarvon Bay in 
1905. 

(20) Anchorella paradowa, van Beneden.—Plate VII. 

Another Copepod parasite from the mackerel, not 
previously recorded for the area. It is found on the gill 
filaments, and thus differs in its habit from A. scombert. 
This species 1s quite distinct from all the other British 
members of the genus, and is probably not an Anchorella 
at all. The male of A. scombera has two pairs of 
maxillipeds, but I find after a careful examination that 
the male of A. paradowa has only one pair. 

(21) Fish Eggs.—A table showing the distribution 
from month to month is given on page 177. ‘Two interesting 
records have been obtained from the examination of the 
plankton collected in 1905. he first and most important 
is the occurrence of plaice eggs at an earlier date than any 
previously known to us. On January 26th a spent female 
plaice was caught in the steamer’s trawl net when at work 
off Aberystwyth, and two plaice eggs were captured in 
the surface tow-net. A bottom tow-netting taken on the 
same ground on December 15th contained one plaice egg 
in which the developing larvae was clearly visible. From 
the appearance of the larvae it is concluded that this egg 
had been spawned ten days earlier than the date on which 
it was captured. The occurrence of this egg seems to 
indicate that some of the plaice on the South Wales. coast 
spawn early in December, and about very much the same 
time as plaice frequenting certain areas of the North Sea. 
The other point is the finding of the eggs of the spotted 
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dragonet Callionymus maculatus. The fish has already 
been recorded from the Irish Sea, but the eggs have not 
been met with in the district. So far we have only found 
them on two occasions—at Red Wharf Bay on July 5th, 
and at Port Erin on the 8th. They can only be dis- 
tinguished from the eggs of the common dragonet by 
measuring the size of the hexagonal markings. ‘The 
hexagons are much smaller in the egg of C. maculatus 
than in C. lyra. 

(22) Young Fishes——A large number of post larval 
pleuronectids were found amongst the plankton collected 
in March and April extending from Cardigan Bay to 
Liverpool Bar Lightship, and also in the neighbourhood 
of Port Erin. One young sole, 7°5 mm. long, was taken 
in T'remadoc Bay on June 21st, post larval brill near 
Puffin Island on June 28th and off Blackpool on July -+th, 
post larval Zeugopterus in Ramsey Bay on July 11th. 
Post larval stages of gadoids, Belone, rockling, weevers 
and Lzparis also occurred occasionally in various parts of 
the district. 
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EXPLANATION OF PLATES. 


PratTe II. 


Pontella lobtancori, Canu.— 


Fig. 1—Female seen from above, n.s. 4 mm. 
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Pontella lobvancor, 
Fig. 1—Male seen from above, n.s. 3°7 mm. 


) a 
>) 3s 
i ee 
io 


antennule. x 46. 
rostrum. x 68. 


199 


SoS: 


endopodite of first foot. x 143. 


fifth pair of feet. x 68. 


abdomen seen from left side. 


Peare., Wey 
Canu._— 
rostrum. x 90. 
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Gardella thompsom, nu. sp.— 


Fig. 1—Male seen from above, n.s. 1°37 mm. 
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Prats VY. 
Monstrila anglica, Lubbock.— 

Fig. 1—Female seen from above, n.s. 2°4 mm. x 22. 
,» &—Male seen from above, n.s.1'4 mm. x 49. 
», 3— ,, Inner edge of last joint of antennule. 

x 570. 

», 4 Female abdomen. x 102. 
>» O—  ,,  wtth pair of feet. »« LOU: 
», 6—Male fifth pair of feet. x 190. 


Puate VI. 
Caligus scombert, Bassett-Smith.— 
Fig. 1—Female seen from above, n.s. 5°57 mm. x18. 
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Pirate VII. 


Anchorella scombert, Bassett-Smith.— 
Fig. 1—Female in setu. x 4°5. 
» 2—Female. x 7°d. 
5,5 o—Male. -x 45. 
» 4—Female antennule. x 2938. 
3 oO 6° ,, ) antenna. 7 295, 
; 6— - 3, > “mandible,” x 986, 
3 t—  ,,  Siaxillay * o206e. 
» 8&—  ,, maxilliped. x 190. 
5, 9—Male first maxilliped. x 293. 
», LO— ,, second maxilliped. x 293. 
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Pruate VIII. 


Anchorela paradoza, van Beneden.— 
Fig. 1—-Female an situ. x 46. 
pee, © (back view). x 18. 
Peo Wile. x. 24, 
ae“ Hemale antennule. x 293: 


ao) Ccntenna. x 190. 
aoe | mandible. <x 293. 
ae, | |S Cmaxilla. x 293. 

» o— maxilliped. x 190. 


», 9—Male maxilliped. x 186. 


Puate IX. 
Epibdella, sp.— 
Fig. 1—Seen from ventral surface. x 45. 
Acanthocotyle, sp.— 
Fig. 2—Seen from ventral surface. x 45. 
», 3—Teeth of one of the rays. x 353. 
», 4—Adhesive disc. x 586. 


PEATE, OX. 
Fig. 1—Octobothrium alosae, Hermann, seen from ventral 
side. x Ld. 
», &—Octobothrium scombert (Kuhn), seen from ventral 
side. x 18. 


; %—Microcotyle labracis, van Ben. and Hesse, seen 
from ventral side. x 14. 


», 4—Drplectanum aequans, Diesing, seen from ventral 
siae. x 34. 
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MUSSEL TRANSPLANTATION AT MORECAMBE. 


By AnpreEw Scort, A.L.S., and 


THomas Baxter, Member of the Sea Fisheries Committee. 


History oF THE Bens. 


The mussel beds at Heysham, near Morecambe, 
usually known as the Morecambe mussel beds, have long 
been famous. They are undoubtedly the most extensive 
mussel producing grounds in the district under the control 
of the Lancashire and Western Sea Fisheries Committee, 
and perhaps also on the whole of the western seaboard of 
England. The quantity of mussels present at any time 
amounts to many thousands of tons. There are probably 
more mussels on these beds, than on all the other beds in 
the district put together. ‘The animals are in good con- 
dition during the season, and are favourably regarded by 
the consumer. That this is actually so is shown by the 
fact that various fish-salesmen throughout the county, 
and especially in Manchester, place orders at the 
beginning of the season with many of the Morecambe 
fishermen for a definite number of bags each week. 
Consequently we find from the returns supplied by the 
Midland, and London and North Western Railway Com- 
panies, at Morecambe, that large quantities are sent away 
annually. The average quantity sent off during the past 
tive years, up to the end of March, 1905, amounts to close 
on one thousand nine hundred tons per annum. 

Although we have not been able to find very much 
information that could throw light upon the point, we 
regard the mussel beds at Heysham as having been in 
existeuce for a very long time. It is possible that many 
of the ancestors of the present mussels were used in 
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making the mortar for building the first church at 
Heysham. The mortar consists of burnt sea-shells and 
is almost indestructible. The original church, traces of 
which are still discernable, is supposed to have been 
founded by a colony of Irish Christians in the sixth or 
seventh century. Heysham or Hessam is mentioned in 
the Domesday Survey, and was one of the towns of the 
Saxon Manor of Halton. The salmon fishery of the Lune 
at Lancaster was granted to the Abbey of Furness by 
Stephen, Earl of Boulogne, confirmed by Henry I., and 
further confirmed by Henry III., but we are unable to 
state whether this grant also included the fishery at 
Heysham or not. At any rate, it is well known that the 
mussel beds of Heysham were at one period farmed by the 
Lord of the Manor, and receipts over six hundred years 
old, for farming the beds, are preserved with the early 
documents of Hornby Castle. There is also evidence that 
the beds were in existence three hundred years ago. From 
an interesting work ‘“‘ An History of Richmondshire in the 
“North Riding of York, together with those parts of the 
‘““Everwicschire of Domesday which form the Wapen- 
“takes of Lonsdale, Ewecross, and Amunderness, in the 
“Counties of York, Lancaster and Westmoreland, by 
“Thomas Dunham Whitaker, LL.D., F.S.A., Vicar of 
“Whaley and Blackburn, Lancashire,’ Volume II., 
1823, we quote the following statement compiled from a 
survey of Heysham parish in 1584, which throws a good 
deal of light on the customs of former days. “ This 
“manor (Heysham) was divided between free tenants and 
“tenants at will, of whom the free tenants paid annually 
“to the lord £18 6s. 9d. and a pair of spurs; tenants at 
wall, £18 lls. 6d. . . . . Boon journeys were due 
“to the Barton of Heysham. . . . There were four- 
“teen persons who farmed the mussel fishery for the rent 
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“of £11 5s. in return for which, they were free to gather 
“mussels on the lord’s sands. . . . The lord had also 
“profit of court, estrays, goods of felons, and wrecks of 
“the sea, the last of which might be very productive.” 
The manor of Heysham in the time of Henry VIII. is 
stated to have been worth rather more than £50 per 
annum. It thus appears that the mussels in those remote 
days were of considerable importance and money value 
to the local fishermen. They were also a valuable asset 
to the lord of the manor, producing fully one-fifth of the 
profits of the whole manor. In the article on mussels in 
the Encyclopedia Britannica, Vol. XVII., 1898, p. 110, 
it is stated, “‘ The chief localities of natural scalps on the 
‘“ British coast are Morecambe Bay in Lancashire, the 
‘flat eastern shores, especially that of the Wash in 
“ Lincoln and similar shallow bays.” 

Coming to our own experience, we find, from con- 
versations with the older fishermen in Morecambe, that 
the conditions of the mussel skears to-day are practically 
the same as they were fifty and sixty years ago. ‘This 
area, like all other shellfish beds, is subject to various 
influences over which man has no control. New banks 
are formed by the action of the tides, and growth of the 
shellfish. The channel may alter a little and smother 
the mussels with sand, or undermine the outlying beds 
so that they are gradually disintegrated by the currents. 
Every winter many hundreds of tons are swept away by 
the gales into deeper water and lost. An invasion of 
starfish may depopulate a whole skear, leaving only a mass 
of empty shells behind them. Before the advent of 
railways or the institution of Sea Fisheries Committees, 
the fishermen and local farmers used large quantities of 
the smaller mussels for manure. ‘This system of destruc- 
tion, which may be regarded now as an extremely 
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wasteful one, perhaps did more good than harm. It 
helped to secure a better quality of mussel than could 
possibly be derived from an over-populated bed. The 
clearing away of large quantities of small mussels gave 
those that were left more room to spread over the skears, 
increased growing space and a better chance to obtain an 
efficient food supply. The result eventually, as we find 
now, would be a larger mussel, and a well-filled shell, 
instead of a stunted one with very little inside it. We 
look upon the removal of the smaller mussels in days 
gone by, as a crude attempt to improve the condition 
of the skears, and a forerunner of transplanting now 
conducted, with the authority and assistance of the Sea 
Fisheries Committee. In former days all the mussels 
removed for manure were utterly lost, but the present 
system involves no waste of any kind. The mussels are 
simply removed from an over-populated or starved bed to 
a fresh area where there is plenty of growing room and 
food. 

In the pre-railway days the large mussels were 
hawked about the neighbouring villages and sent inland 
in great quantities. On the completion of the railway, 
then known as the Little North Western, to Morecambe, 
in 1847, a better and more rapid method for distributing 
these shellfish was opened to the fishermen which ‘was 
quickly taken advantage of. The improved facilities 
for conveying the mussels to the large towns of the 
county gave rise to an increase of the fishing population, 
and was one of the causes that led up to the great trial 
in 1874 between the fishermen and the lords of the manor. 

The original grant of the fishery at Heysham, which 
is thought by some people to have been given in the tenth 
century, included all the area from the middle of the 
Kent flowing into Morecambe Bay, to the middle of the 
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Lune, and no fishing could take place without the consent 
of the lords of the manor. Thus Morecambe, or Poulton as 
it was formerly called, had no free fishery. The enhanced 
value of the mussel beds through the opening of railway 
communication became apparent, and led to much friction 
between the lords of the manor and the fishermen. The 
former asserted their right to claim rents for permission 
to remove the mussels, while the latter disputed the 
existence of any documents that gave the lords of the 
manor control of the fishery. The dispute ended in a 
trial at Lancaster, when the verdict went in favour of 
the fishermen being entitled to free fishing. Shortly 
after this verdict was given, the lords of the manor asked 
leave to appeal against the decision of the court on the 
grounds that important evidence had been secured since 
the trial. The judge, however, ruled against the lords 
and from that time onwards the fishing has remained free. 

At the present time considerably over 100 men, or 
fully one per cent. of the present population of Morecambe 
are more or less engaged in mussel fishing. At the last 
census the population was 11,798. 

The following statistics of the mussels sent off by rail 
during the last five years, are supplied by Mr. Edward 
Gardner, Honorary Fishery Officer at Morecambe : — 


1900-01. 1901-02. 1902-08. 1903-04. 1904-05, 


Cwts. Cwts. Cwts. Cwts. Cwts. 
September ... 24312 ... 20631 ... 68823 ... 48573 ... 3747 
October ...... 74594 ... 61432 ...100512 ... 65024 ... 78173 


November ... 73344 ... 7244 ... 87613 ... 5787 ... 60864 
December ... 40621 ... 44364 ... 59764 ... 4162 ... 3488 


January ...... 62024 ... 61312 ... 64654 ... 3761 ... 48073 
February ...... 38802 ... 46594 ... 54953 ... 4240 ... 3931} 
1 ae 34221 ... 27034 ... 44884 ... 3873 ... 29403 


ec ee ee 90982 ... 91412... 17125688) ae 
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DESCRIPTION OF THE SKEARS. 


The mussel beds at Morecambe are locally known as 
“skears,” aterm which is also applied to any rough 
ground, and each has a particular name amongst the fisher- 
men. A few of the beds are situated in front of the town 
itself, but the most extensive and most valuable are those at 
the top of Heysham Lake. The latter present, at low water 
of a spring tide, an almost unbroken line, over two miles 
in length, and are in the form of a tongue-shaped pro- 
jection extending from the shore in front of the Grosvenor 
Hotel, very nearly due West into Grange Channel. At 
the shore end the beds are nearly half a mile wide, but 
eradually taper off as they reach the deep water. This 
extensive bank is divided in the centre by two narrow 
passages that never ebb dry. The floor of the beds in 
general is hard ground which has become covered in 
many places by the tubes of the “ knaar”-forming worm, 
Sabellaria alveolata. After a “strike” of mussels takes 
place mud accumulates and in time the mussels appear 
_to be growing on the top of a mud bank. When the 
mussels have been removed during a fishery, or by the 
action of storms, the hard ground is exposed again. At 
high water the whole of the beds is covered to a depth of 
many feet, and they can then only be fished with the long 
“craam,” and this instrument has to be worked from a 
boat. The handle or shaft of the long craam is some- 
times between thirty and forty feet in length. 

The accompanying chart* shows the skears and gives 
the name of each one. We are much indebted to Mr. 
Kdward Gardner, the honorary bailiff at Morecambe, for 
information relating to the mussels, which has been of 
much assistance to us, and to several of the fishermen who 


*The chart has been carefully copied from the rough draft, and is 
the work of Mr. Johnstone, 


9208 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


represented Morecambe as Fishermen Students in the 
various classes held at Piel, for help in the survey of the 
beds and in the preparation of the chart. 

In front of Morecambe, the most important areas are 
the “ Ringhole,” now used for depositing the mussels 
removed from the overcrowded beds, “ Baiting Knott” 
and “‘ Stone Skears.” These two are small banks where 
mussels grow very rapidly and take on shells of a fine 
uniform structure. A little beyond the West End Pier, 
a large bank with three mussel beds is shown, the major 
portion of this is the “ Old Skear,” on the top of which 
is a hedge baulk (“old Dick Bond’s”’) for catching fish, 
a structure composed of stakes driven into the ground 
and the whole interlaced with twigs. The other two beds, 
though small, produce fine mussels, and are known as 
‘“Seldom Seen” and “ Reap Skear.’”’ The three beds 
are connected with each other by skear ground, which is 
also suitable for growing mussels. The beds at Heysham 
though more or less continuous have all local names. 
Starting from the shore under the hotel there is a tract of 
sand, and then another of stones. These lead to “ Hey- 
sham Flat,’ a mussel bed nearly half a mile square. The 
westerly portion of this area is usually covered with good 
mussels and was one of the regions thinned in April, 1905, 
when 1,362 bags of mussels were removed to the “ Ring- 
hole” in three days. There is a hedge baulk (“ Fell’s ”) 
on the top of the bank. A large boulder of granite many 
tons in weight lies on the middle of the flat, and on the 
South side there are a number of small boulders locally 
known as the ‘“freestones.’ Attached to “ Heysham 
Flat” are two more beds known as “ Knott End” and 
“Whelk Hill” Skears. ‘“ Knott End Skear” is about 
one quarter of a mile square, and is covered with a vast 
number of mussels. In six days during the trans- 
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planting work in 1905, 3,272 bags, or over 240 tons of 
undersized mussels were removed to the “ Ringhole.” 
“Whelk Hill” is another valuable skear. The “Old 
Guniel,” on the North side of ‘ Heysham Flat,” is a 
deep water mussel bed that never comes adry. ‘The 
“Great Gunnel” and “ Little Gunnel,” separated from 
each other at low water by “ Little Out-skear,” are narrow 
water-ways leading between Morecambe Channel and 
Heysham Lake. “ Little Out-skear”’ is a small but im- 
portant bed, and close to it is another little mussel skear 
known as “Cockup.” ‘The bottoms of the two gunnels 
are also covered with mussels. The outer portion of the 
Heysham beds forms a continuous bank over a mile in 
length, by about a quarter of a mile wide at the shore 
end and tapering off as it reaches the channel. It 1s 
known by the names of “ Great Out-skear,” “Bank Side 
Skear,” and “Jacky John Skear,” the latter being the 
end of the whole series of mussel beds. “ Bank Side” and 
“Great Out-skear” were found to be covered with 
mussels about a year old, when visited in June, 1905. 
“Low Skear ” is a valuable bed situated at the bottom of 
Grange Channel. “ Walmsley Skear” outside “* Heysham 
Flat,’ was formerly a mussel bed, but is now smothered 
with sand. ‘“ Patrick Skear’” im Heysham Lake is 
another small but productive bed, and is covered with 
large sand knaars. ‘“ Lake Skear,’ below the entrance 
to the Harbour at Heysham, is occasionally fished when 
the weather permits. 


SprcraAL NoTEes ON THE SKEARS. 


The above Skears may be divided into two sets. 
(1) Those that ebb dry at low water of an ordinary spring 
tide:—Stone Skear, Baiting Knott, Reap Skear, Old 
Skear, Heysham Flat, Knott End, Little Out-skear, Great 
P 
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Out-skear; and (2) the deep water skears that seldom: or 
never dry at low water even of a very high spring tide, 
where the mussels have to be fished for with the “ long 
craam ”’:——Little Skears, Ringhole, Seldom Seen, Old 
Gunnel, Whelk Hull, Cockup, Great Gunnel, Little 
Gunnel, Bankside, Jacky John, Low Skear, Patrick 
Skear. 

The depths of water on the skears at low water of a 
sixteen feet tide is as follows :-— 


Little Skears ... 4to 6ft.| N.side of Gunnels 10 to 14 ft. 


Ringhole ... 10 to 20 ft. Great Gunnel ... 5 to 15 ft. 
Reap Skear ... 4to10ft.| Little Gunnel... 5 to10 ft. 
Seldom Seen ... 4tol0ft.; Bank Side ... 6t020 ft. 
Old Gunnel ... 4to10ft.| Jacky John ... 18 to 25 ft. 


Low Skears ... 20 to 30 ft. 


History OF THE TRANSPLANTING. 


When the Lancashire Sea Fisheries Committee was 
established about the end of 1891, the wholesale removal 
of mussels, for purposes other than food or bait, was put 
an end to. One of the Bye-laws prohibited fishing for 
mussels except by hand; or with a rake not exceeding 
three feet in width, and used only from a boat when the 
bed was covered with at least four feet of water. Another 
Bye-law prohibited the removal of any mussels less than 
two and a quarter inches in length. These Bye-laws 
worked well for some years, and would have remained 
satisfactory for an indefinite time, or so long as the pro- 
duction of new generations did not greatly exceed the 
quantity of legal sized ones removed by the fishermen. 
The mussel beds in the district are of all sizes, and the 
conditions in some places more favourable for the pro- 
duction of new stock than in others. So far as our 
knowledge goes the Heysham Skears are the most prolific 
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in the whole area supervised by this Committee. These 
skears were amongst the first to show the effect of the 
Bye-laws. The over-production was much greater than 
the removals, and in a few years the beds became over- 
crowded with the new generations. The additions settled 
on the top of the older stock and soon grew over them. 
In some instances the older layers were eventually 
smothered. In others an efficient food supply was pre- 
vented from reaching them and they slowly starved. The 
result was, the fishermen found it more and more difficult 
to get their orders completed with legal sized mussels, and 
they occasionally took the smaller ones. This brought 
the men into conflict with the officers of the Committee, 
and prosecutions naturally followed. The difficulty in 
complying with the two and a quarter inch size limit, 
without evil consequences to themselves, led the fishermen 
to approach the Committee with a petition, for the reduc- 
tion of the size limit to two inches. After much agitation 
on the part of the men, the Bye-law was revised and two 
inches became the minimum legal size in 1902. This 
concession in the size limit was practically made to allow 
a greater thinning to be done. So far as Heysham was 
concerned, the reduction in limit had very little effect. 
The over-production still greatly exceeded the removals 
and the difficulty in obtaining sufficient legal size mussels 
continued. A further reduction in the size limit would 
have proved unsatisfactory from the consumers’ point of 
view. Large mussels have the preference over the 
smaller ones and also command a higher market value. 
Other solutions to this problem had to be looked for, and 
finally a system of thinning was adopted. This thinning 
had a two-fold object. (1) To-remove large quantities of 
small mussels from over-crowded beds leaving the 
remainder more growing space; and (2) to re-stock older 
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beds that had been depleted from various causes, or 
establish new beds on suitable ground, either with the 
mussels removed from their original site or with others 
taken from areas altogether unfavourable for growth. 
We might point out here that this solution had been 
advocated for some years in the Annual Reports on the 
Sea Fisheries Laboratory. Professor Herdman in the 
first of these Reports,* referring to the destruction that 
occurred amongst the’ mussels in the southern Division, 
says, “ This miserable waste could probably be prevented 
“by providing fixed objects for the mussels to attach to, 
“and by taking care of the young beds when once they 
“were established, by thinning out from some places and 
“laying down in others,” &c., and again in the general 
conclusions in the Report upon the methods of oyster and 
mussel culture in use on the West coast of Francert, 
‘Expressed briefly my opinion is that where mussels are 
‘“erown successfully on the bed system the best we can 
“do is to farm these beds carefully.” Further, in the 
conclusion on the Report on the mussels and mussel beds 
in the Northern Division, by one of us, referring to the 
favourable conditions for the production and rearing of 
the mussels, the following solution was offered. “ All 
‘“that is necessary is to remove some of the seed mussels 
“from the beds where they are too crowded to places 
‘“ where they are few in number or entirely absent. Many 
“of the mussels on the various beds under the present 
“conditions are certain to be lost, through having too 
“little room to grow, when consequently they either get 
“choked off and perish miserably, or become so stunted 


** Lancashire Sea Fisheries Laboratory Report for 1892, page 39. 
+ Lancashire Sea Fisheries Laboratory Report for 1893. Appen- 
dix, page 79. 


t Lancashire Sea Fisheries Laboratory Report for 1895, page 30, 
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“in their growth as to be of little or no marketable value 
“either as bait or food. Under the present conditions 
“the beds are allowed to seed themselves, and consequently 
“it takes much longer for the mussel to spread over any 
“considerable area than if the young mussels were trans- 
“ planted from places on the present beds where they are 
“too close to new ground. By this means the mussels 
“would certainly reach a marketable size much sooner 
“than if left to look after themselves, and a convenient 
“time for moving the seedlings would be when the close 
“season begins, as they would be less lable to be dis- 
“turbed than if done at any other period, and by the 
“time the close season had expired they would, no 
“doubt, have firmly established themselves under their 
“new conditions.” We reproduce these remarks in case 
any of the Members of the Committee have no copies of 
the earlier reports, and to show that over-production has 
been going on for a long period. 

Karly in 1903 the Sea Fisheries Committee passed a 
resolution granting a sum of £50 to enable the Morecambe 
fishermen to thin the overcrowded beds.* The money was 
not intended to be regarded as a payment for the work, 
but rather a small inducement to the men to do something 
that would eventually be for their own benefit. In April 
of that year a large number of men gave several days to 
the work for a very little sum, and one or two days for 
practically nothing. The transplanting was not com- 
pleted when the money had all been expended, but the 
fishermen, recognising the importance of the work, and 
to mark their appreciation of the assistance from the 
Committee, continued the operations for a few days 
longer. The quantity of mussels transplanted then was 


*Mr. John Fell, then Chairman of the Committee, did much to 
bring about the initiation of this successful result, and the improve- . 
ment in the mussel fishery at Morecambe dates from that time. 
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estimated to be about two hundred tons. ‘The results 
from the thinning and transplanting proved satisfactory, 
and the Committee felt justified not only in continuing 
the work but also extending it to other places. 

In March, 1904, the Jomt Committee granted £75 
for re-stocking mussel beds at Morecambe, Overton in the 
Lune, and Flookburgh. The Finance Committee 
allocated the money as follows:—-Morecambe £00, 
Overton £15, and Flookburgh £10. The work at More- 
cambe commenced on the 18th of April and went on to 
the 5th of May. About sixty men were employed in the 
operations, and the mussels were removed to the selected 
places by boat. The sum paid to each man was 3s. per 
tide. This left a deficit of 5s., but the payment of that 
and also of some men who worked an extra tide was 
arranged for by the Morecambe Fishermen’s Association. 
The quantity of mussels removed to new beds was about 
3,174 bags or nearly two hundred tons. The following 
table shows the quantities taken from certain particularly 
over-crowded skears and where the surplus mussels were 
laid down* :— 

Date. Places. No. of 


April 18th, Taken from Heysham Flat near _ bags 
May 4th and Fell’s Baulk and laid down in “*¢?- 
5th Ringhole ae .. eon 

% , Taken from Heysham Flat near 

st eer and | Fell’s Baulk and laid down in 
y Old Gunnel and Ringhole ... 580 

Taken from Big and Little Out 

Avril 27th Es Skears and laid down in Old 

I [ Gunnel and on Seldom Seen 
Skear . 300 

es Taken from 1 Big Out Skear and 

April ma ane | laid down on Seldom Seen 
: f Skear 834 

) Taken from Heysham Flat near 

April 80th Fell’s Baulk and laid down 
| in Old Gunnel 2, | 


Total ... 3,174 
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Transplanting at Overton took eight days, and during 
that period 1,345 bags were removed from existing beds 
and deposited in the Channel as shown in the table. Here 
again the grant was expended before the work was 
finished, but the men continued without pay and com- 
pleted the operation® :-— 


: No. of 
Date. Places. bags 
taken. 


April 18th & 19th Taken from Anchor Skear, and 
laid down in the Channel 
near the Weir es ane O10 


April 20th Taken from Abbey Light Skear, 
anc ala i down im) the 
Channel above and _ below 


the Lighthouse... Ar opat tel 1815) 
April 21st Taken from Crook Skear, and 
laid down in the Channel 

above the Lighthouse Soe HAO. 
April 25rd Taken from Crook Skear, and 
laid down in the Channel 

below the Lighthouse eu) 
April 25th Taken from Crook Skear, and 
laid down in the Channel 

near the Weir vie Nie use) 

Notals o< .. =b,440 


At Flookburgh thirty-three men and fourteen boats 
were employed during two tides and 220 bags of mussels 
were transplanted. The mussels were taken from 
“ Roosebeck Skear” and deposited on “ Flookburgh 
Skear.’ In June, 1904, some of the Southport fisher- 
men made an experiment in transplanting cockles. A 
quantity was removed from the over-crowded beds to 


* Vide Superintendent’s Quarterly Report for June, 1904, 
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another place where there were none, and a favourable 
report was given regarding the results. 

The work of transplanting shellfish was continued 
and still further extended in 1905. At the Joint Com- 
mittee Meeting held in March, a sum not exceeding £250 
was voted for re-stocking shellfish beds. The allocation 
of the money was left to the Scientific Sub-Committee, who 
decided to expend the following sums. For re-stocking 
mussel beds, Morecambe £75, Overton £15, Flookburgh 
£15, Knott-end (Fleetwood) £5, Hambleton (near Fleet- 
wood) £5, and Bardsea (near Ulverston) £2 10s. For 
re-stocking cockle beds, Southport £15 and Lytham £5. 
The total expended on mussels was, therefore, £117 10s., 
or an increase of £42 10s. over the sum spent in 1904. 

At Morecambe, where the bulk of the money was 
expended and the most important part of the operations 
were carried out, the transplanting began on April 12th 
and finished on May 2nd. The work was done during 
the neap tides and in the period of three weeks there were 
nine working days. On some of the days sixty-four men 
and thirty-two boats were employed. Over 4,634 bags, 
estimated at 347 tons of mussels, varying from one and 
five-eighths to one and seven-eighths inches in length, 
were removed and deposited in the “ Ringhole,” from 
which the mussels previously laid down had been removed. 
To mark their high appreciation of the efforts of the 
Committee to assist the shellfish industry, the Members 
of the Morecambe Fishermen’s Association passed a 
resolution that no fishing of the transplanted mussels 
would take place before November 13th—a resolution 
which was loyally kept. 

The following table shows the number of bags 
removed each day :— 
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No. of 


Date. Places. bags 
taken. 


Apri 12th Taken from old Dick Bond’s Baulks 
(Old Skear), and laid down in the 
Ringhole _... 48() 
Aprillsth Taken from old ie Bonde iBesrllle 
(Old Skear), and laid down in the 
Ringhole  ... ... 448 
April 14th Taken from old ae Beads Paulie 
(Old Skear), and laid down in the 


Rimehole ... 434 

April l5th Taken from Knott oid eae aa ed 
down in the Ringhole _... 640 

April 25th Taken from Knott end Skear and Ted 
down in the Ringhole_.... 460 

April 26th Taken from Knott end Skear and ata 
down in the Ringhole _... a 6295 

April 28th Taken from Knott end Skear and hia 
down in the Ringhole _... a 32 

April 29th Taken from Knott end Skear and laid 
down in the Ringhole .... 475 

May2nd ‘Taken from Knott End Skear and led 
down in the Ringhole .... ae aero 40) 
otal. ... 4,634 


The transplanting at Overton was done in four days, 
and 946 bags were removed to new areas. ‘The quantity 
is less than in 1904 and is accounted for by the fact that 
the mussels were carried a greater distance. In some cases 
boats were used, in others carts, for conveying the 
mussels. ‘The work gave employment to thirty men. 
(Superintendent’s Quarterly Report, June, 1905, from 
which these figures and those below are taken) :— 
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No. of 
Date. Place. bags 
taken. 

Aprill2th Taken from Abbey Skear and laid 
down in the Channel i i eo 

Aprill5th Taken from Abbey Skear and laid 
down in the Channel as as: eae 

April 14th Taken from Crook Skear and_ laid 
down in the Channel aM 276 

Aprill5th Taken from Crook Skear and laid 
down in the Channel fis yh 
Totaly og ee 


At Flookburgh two days—April 10th and 11th,— 
were given for the transplanting. On the first day, 
thirty-five men and fourteen boats were employed, on the 
second day, eighteen men and nine boats. The mussels 
were taken from “ Roosebeck Outer Skear”’ and laid 
down on “‘ Cope Skear.” The total number of bags was 
230 and the average size of the mussels removed was 
about one and three quarter inches. 

The transplanting at Bardsea was also done in two 
days, May 2nd and 3rd. Six men and two carts were 
employed and thirty-four cartloads of under-sized mussels 
were removed to a new area. 

At Hambleton, 420 bags of mussels were taken from 
and 


3 


the River Wyre and laid down in “ Staining Hole, 
at Knott End 530 bags were removed from various un- 
favourable skears and laid down in deep water. Although 
this is the first time that the industry in the Wyre and 
at Bardsea has been assisted by the Committee, the men 
belonging to Hambleton made an experiment in trans- 
planting in 1904 which gave very satisfactory results. 
The following is a short account of the procedure 
as J in the transplanting at Heysham. A 


‘In May an additional hundred bags were taken from the 
Shoaes and laid in the Channel. 
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meeting of the Morecambe Fishermen’s Association 1s 
held and instructions are given to the men to the effect 
that a definite sum of money has been allocated to them 
for transplanting undersized mussels. Suitable days are 
fixed, and also the hour when the work should commence. 
The skears to be dealt with are also decided upon. On 
the day appointed, the fleet of boats, each manned by two 
or three fishermen, set off from Morecambe so that the 
skears are reached some time before low water. The 


pee ee 


Fic. 3.—General view of Skears, with men at work. 
boats are there either anchored or run ashore, and the men 
at once begin work. Hach man has a basket and a craam, 
a sort of toothed rake; with this instrument he rapidly 
rakes the mussels into the basket. When it is filled, the 
whole contents are washed in the sea water and then 


transferred to the boat.* The operation is repeated until 


* Occasionally some of the mussels are fished from the deeper water 
by means of the long craam. According to the fishermen these give 
the best results. 
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the boat has as much as it can carry in safety—from ten 
to fifteen bags, representing a weight of from three- 
quarters of a ton to over one ton of mussels. As soon as 
the boats are loaded they sail for the selected area. Each 
one anchors as it arrives, and all are inside a portion that 


has been previously marked by buoys. Two men station 
themselves beside the mussels each armed with a shovel, 
while a third man attends to the anchor rope. Captain 
Wright, the Chief Officer of the Northern Division,t+ 


Fic. 4.—Collecting and washing the mussels. 


usually supervises the arrangements. As soon as he sees 
that every boat is ready and not too close to its neigh- 
bours, a signal is given to unload. As the men discharge 
the mussels, the man attending to the anchor pays out 
the rope and allows the boat to drift slowly with the tide. 
The boat is kept moving so that the mussels will not be 
deposited in a heap on each side. On every successive 


+ Who has given us much valuable assistance, 
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day a new portion of the selected area 1s buoyed, and there 
is thus no overcrowding. In 1905 all the transplanted 


” 9 local name 


mussels were deposited in the “ Ringhole, 
for that portion of Morecambe channel extending from 
the West End Pier to about midway between the old 
harbour and Central Pier. At the end of the operations 


the “ Ringhole”’ was inspected at a very low ebb by one 


ia. 5.—A loaded boat and fishermen using the craam 


of us, when it was found that the bottom was well covered 
with mussels and all had become attached. ‘The illus- 
trations in the text are reproductions from photographs 
taken on April 15th. On that date sixty-four men and 
thirty-two boats were employed and forty-eight tons of 
mussels were transplanted in a single tide. 

The money voted for re-stocking cockle beds resulted 
in the transplanting of about 300 bags at Lytham and 
260 bags at Southport. 
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RESULT OF THE TRANSPLANTING. 


The transplanting work has been a complete success 
from its inception. In the late Mr. R. A. Dawson's 
Report for the Quarter ending September, 1903, referring 
to the Morecambe mussels, it is stated: —‘‘ The mussels 
“that were transplanted here last spring have grown 
“rapidly, and the fish are of first rate quality. I am 
“informed the merchants prefer these to the mussels 


Fic. 6.—Discharging mussels in Ringhole. 


“taken from other beds in that vicinity.” That was the 
result of the first transplanting experiment. Many of 
the mussels transplanted in 1903 were what are known 
amongst fishermen as “ blue nebs”—-very old mussels 
with thick shells of a dead blue colour, much corroded, 
especially in the hinge region, and having no epidermis 
on them. When the shell is opened the animal is usually 
found to be thin and watery. These mussels are 
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commonly met with on the sea shore. They are exposed 
to the air for a long time between each period of high 
water, and are beyond the reach of a continuous supply 
of food. “ Blue nebs”’ may justly be regarded as mussels 
that have ceased growing and are only existing. They 
are of no money value as food, hence any good return 
from the transplanting of such mussels would be readily 
noticed. ‘The result was almost incredible. At the end 
of about five months, the old, starved, undersized ‘“ blue 
nebs”” had grown three-eighths of an inch and reached 
legal size. The animals were in fine condition and the 
mussels found a ready market. The fresh ‘growth was 
sharply defined from the old. This new addition was 
quite uniform, thin, and of a polished black colour on 
the outside, a marked contrast to the old ill-shapen and 
corroded shell. A mussel which under its original con- 
dition could never be any use as food had been turned into 
a valuable commodity at very little trouble and expense. 
To induce two blades of grass to grow in place of one is 
the desire of the agriculturist. The result from trans- 
planting “blue nebs” that had not increased in length 
for years might well be compared with inducing crops 
to grow on land that had never before produced any. 
The money value of these mussels that had been trans- 
planted for £50 is estimated to have been at least £500. 
The result from transplanting “blue nebs” raised 
the expectation that something better could be had from 
thinning the overcrowded and more healthy beds and 
depositing the excess in new areas. ‘This is now being 
done at Heysham each season. In 1904 the mussels were 
taken from various skears that constitute the Heysham 
beds and deposited in three new areas, viz., “ Ringhole,”’ 
“Old Gunnel ” and “ Seldom Seen ” Skears. The mussels 


laid down in the former place gave the best results, and in 
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1905 all the mussels were deposited there. In order to 
protect the mussels as much as possible from ordinary 
steamer traffic and fish trawling, they are laid on the 
landward side of the hole. The mussels in the 
“Ringhole ” are practically always under water. Ata 
very low ebb a few may be exposed for a short time. They 
are thus placed in reach of a continuous supply of food. 
The mussels transplanted to the ‘‘ Ringhole ” in 1905 
varied from one and five-eighths to one and seven-eighths 
of an inch in length. During the months of May, June 
and July the mussels all over the Northern Division grew 
very slowly. At the end of August a marked advance 
was recognisable in the condition of the transplanted 
mussels. In September the new growth reached half-an- 
inch. Karly in November the mussels had increased 
five-eighths of an inch, and in December, or seven months 
after removal, the average increase was found to be six- 
eighths of an inch. In other words the mussels had 
erown from about one and seven-eighths to two and five- 
eighths of an inch—a result largely due to transplanting. 
The mussels left on the original site had also grown during 
the seven months. The majority left on the particular 
beds that had been thinned in April were one and seven- 
eighths of an inch long or one-eighth under legal size. 
At the beginning of December they had only grown one- 
quarter of an inch and had attained a length of two and 
one-eighth inches, or an eighth of an inch above the 
minimum legal size. The mussels taken to the 
“ Ringhole” had, therefore, advanced a nett half inch 
more than those left untouched. Not only that, but the 
fishermen receive one shilling per bag more for “ Ring- 
hole’ mussels than they obtain for mussels taken from 


Heysham Skears.* From November 13th to December 


*An ordinary bag of mussels, when sent to the markets, weighs 
1} cwts. 
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dlst, 262 tons have been recovered.t A hundred average 
sized mussels taken from the Heysham Skears in December 
weighed two pounds, and an ordinary bag will contain 
about 7,000 mussels. A hundred mussels from the 
“ Ringhole” in December weighed five pounds, or 2,800 
mussels to the bag. The transplanting had thus increased 
the bulk two and a half times. The original quantity 
transplanted was 4,634, which multiplied by two and a 
half becomes converted into 11,585 bags. Each of these 
bags has improved one shilling in actual money value 
above the mussels that have reached a legal size on the 
original site during the interval. This represents a sum 
of £579 for transplanted mussels. So that for the expen- 
diture of £75 in April in removing mussels from Heysham 
to the “ Ringhole”’ there is a nett gain of over £500. The 
enhanced value of the fishery, however does not end there. 
It has to be remembered that the thinning of the original 
beds had led to an improvement in the condition of the 
mussels that were left, and more mussels have become 
marketable than could have been possible under the old 
state of affairs. ‘Taking the fishery all through, we find 
that there are more marketable mussels to meet the 
demand and a greater employment for fishermen than 
formerly. They can now work from their own homes 
instead of visiting other areas for their supplies. A few 
years ago, owing to the scarcity of legal sized mussels, 
some of the men had to reside at Piel and fulfil their 
orders with mussels from Roosebeck Outer Skear. Taking 
all things into consideration and allowing for loss from 
various causes, both in the ‘“ Ringhole” and on the 
thinned beds, since the middle of April, 1905, we venture 
to state that the money value of the Morecambe mussels 


+ By the end of February, 1906, a much greater quantity of 
mussels was taken out than had originally been put in. 


Q 
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will have been increased by at least £800 at the end of 
the fishing season in 1906, a result entirely due to the 
erant of £75 from the Sea Fisheries Committee to enable 
the fishermen to thin the beds. 

We find that the increase of length varies according 
to the time that the mussels are left untouched. <A 
number of those deposited in the “ Ringhole” in 1904 
have recently been recovered, and the addition to the 
original shell in some cases is well over an inch. The 
weight has also increased, 100 weighing ten pounds or 
about 1,400 to the bag. 

The results in the Wyre have been quite as good as 
at Morecambe and from the samples that have been 
examined we conclude that the conditions there are in 
every way favourable for transplanting. 

The transplanting in the Lune also has been a 
success. Mr. Richard Gardner, of Sunderland Point, 
has supplied us with much valuable information regarding 
the effect of the work at Overton. All the mussels 
transplanted in 1905 were the ordinary “blue nebs.” 
When these mussels were fished again at the beginning 
of the season it was found that the old shells had taken 
on a brown skin which almost obscured the old blue 
appearance. From the opening of the fishing season in 
1905 to the middle of January, 1906, about 6,000 bags had 
been sent away from Overton—-a weight of 375 tons. Mr. 
Gardner estimates that about two-thirds of these mussels 
were transplanted ones. The mussel fishermen at 
Overton recognise the value of the work and make the 
improvement go as far as possible. Hach bag of mussels 
sent away contains a small proportion of untransplanted ~ 
mussels, which by themselves were of no value whatever, 
and now the average price received by the fishermen is 
3s. per bag. Further, unless transplanting had been 
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carried out at Overton, there could only have been one 
month’s fishing in the season 1905-1906 instead of at 
least four months, and many of the local fishers would 
have been compelled to go elsewhere to find work. The 
average number of people engaged in mussel fishing at 
Overton from the beginning of the season to the middle 
of December is stated by Mr. R. Gardner to have been 
fifty. : 


GRowTH oF MUSSELS AND DESCRIPTION OF 


OVERCROWDED SKEARS. 


Under favourable circumstances it is probable that 
the mussels will grow fully half an inch in length each 
year, and at the end of three years reach the minimum 
legal size of two inches. ‘The mussels on “ Roosebeck 
Outer Skear ” which were investigated in 1895 and 1896, 
and found to be in flourishing condition, grew half an 
inch between September of one year and August of the 
next. The skear was much overcrowded and could not 
be regarded as suitable for growing mussels quickly. The 
‘“Roosebeck Skear”’ was not then over-populated to any- 
thing like the condition that the Heysham Skears are at 
all times. On the latter the mussels, as we have already 
seen, grow about one-quarter of an inch in seven months. 
The same mussels, when transplanted to favourable areas 
grow three-quarters of an inch. Our experience is that 
even in a good situation the rate of growth varies 
inversely (roughly speaking) as the number of mussels 
present. Fewer and more equally distributed mussels 
grow faster than those that are plentiful and closely 
packed together. 

The meaning of the expression 
can be much better understood from an actual visit than’ 


c 


‘ overcrowded skear ”’ 
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from any amount of detailed description. The accom- 
panying text figure is a reproduction from a photograph 
of the Heysham (“ Knott End”) Skears, taken in April, 
1905, immediately before transplanting commenced. It 
gives a fair idea of the general condition of the beds at 
that time. In some parts the mussels were much smaller 
and even more crowded than is shown in the illustration, 
occasionally three generations of mussels could be recog- 
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Fia, 7.—An overcrowded mussel skear. 


nised living together on the same bed. Other parts were 
nearly clean, a condition due to the fishing that had 
taken place during the season. The photograph 
indicates roughly the depth of the mussels and 
shows that they were simply growing one on top 
of the other. At that part of the bed the shellfish 
were nearly one foot deep, and about 18 per cent. 
just failed to pass through the two inch gauge. The 
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average size was one and a half inches, and one hundred 
of these mussels weighed seventeen ounces. Another 
skear “ Great Out Skear,” covered with mussels one year 
old, that is, three-eighths to five-eighths of an inch, was 
found to be populated to the extent of 16,000 per foot 
square. In some places a few two year old mussels were 
mixed with the younger ones, and an area one foot 
square contained 10,000 one year old mussels, 200-300 
two year old mussels being also present. The mussel in 
its natural state usually lives with the pointed end down- 
wards, and consequently a large number can accommodate 
themselves to very little space. Mussels of the same age 
are never of a uniform size when they grow up, but when 
they first settle upon the skear as spat they are all nearly 
alike. Some slight favourable circumstance soon enables 
a few to grow faster than the others. This advantage 
becomes all the greater as the mussels increase in age. 
At the end of the first year one may find a margin of a 
quarter of an inch between the largest and smallest ones. 
The competition between them becomes keener, and ere 
long many of the smaller sizes are overwhelmed and 
smothered, while the survivors continue to grow and still 
further overcrowd the bed. The mussel, to enable itself 
to keep at the surface, lengthens its byssus, and in time 
the whole skear may be covered with mussels that are 
only attached to their fellows, with practically no attach- 
ment to the ground. ‘The sea gradually undermines the 
bed, and very soon these mussels can be torn away in 
masses or rolled up like a carpet. When the mussel bed 
reaches this condition the end comes with the first storm. 
The seas sweep the mussels into masses, pounding them to 
pieces or carrying them away into deeper water, where 
they become buried under the shifting sands of the 
channel bottom. ‘This process of destruction goes on year | 
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after year, and often when the fisherman is looking 
forward to a profitable fishery his anticipations are ruth- 
lessly shattered in a_single night. A bed that twenty- 
four hours previously may have been populated by tons 
of marketable mussels of considerable money value 
becomes changed into a clean bank with a hard bottom. 
Then the process of re-formation of the bed begins, and 
in time the bank becomes again covered with mussels. 

When the Heysham Skears were visited again, about 
two months after the transplanting, it was found that the 
removal of nearly 350 tons resulted in very little appre- 
ciable change in the appearance of the beds. The clearings 
that had been made in April had certainly been more or 
less covered again by the mussels spreading out, but the 
overcrowding was just as bad. ‘The proportion of 
minimum legal sized mussels had advanced from 18 per 
cent. to nearly 25 per cent., but in many places, however, 
the stones, zoophytes and mussels themselves had a 
covering of spat from the spawning that had taken place 
in the interval, and four generations could be 
distinguished. 

We conclude by giving a summary of the results 
obtained : — 


Amount expended: 1903, £50; 1904, £50; 1905, 


£75. 
Estimated protit: 1903, £500; 1904, £500; 1905, 
£800. 


A sample of the ‘‘ Blue nebs”’ transplanted at Wardley’s in 1905, 
has been sent to Piel for examination, within the last few days, by 
Captain Wright. Careful measurements of the new growth have been 
made, and it is found that the average increase during a period of ten 
months is thirteen-sixteenths of aninch. The following is the amount 
of new shell, in sixteenths of an inch, added in each of eight mussels 
during the time stated. 
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PLATE XI. 


Figs 1,2and4. Transplanted Mussels. 
Fic. 3. A Mussel that has not been transplanted. 
All from Morecambe. 


PLaTe XII. 


Fic. 5. Mussel transplanted to Ringhole in 1904. 
Fic. 6. Mussel transplanted at Wardleys in 1905. 
Fic. 7. Mussel transplanted at Wardleys in 1904. 
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DESCRIPTION OF THE PLATES. 
All the figures are natural size, and are reproduced 
from photographs of the mussels. They represent average 
samples. 


Prats XI. 


Pig. 1-—An old “ blue neb” from the first transplanting 
experiment at Morecambe (1903) showing 
the result after a period of four months in a 
favourable area. ‘The black portion is the 
new shell. 


Fig. 2.—The same mussel seen from the back. The old 
; shell has been broken to show the thickness. 


Fig. 3.—A mussel from Heysham Skears, showing the 
erowth in seven months when left in its 
original situation. -The white line indicates 


the size of the shell in April, 1905. 


Fig. +A mussel from Heysham Skears showing the 
result in seven months after removal from 
the skears and laying down in the Ringhole. 
The white line indicates the size of the shell 
when laid down in April, 1905. 

Puate XII. 

Fig. 5.—A mussel from Heysham Skears laid down in the 
Ringhole in April, 1904, and _ recovered 
in November, 1905. The white line 
indicates the original shell. 

Fig. 6.—An old “blue neb” taken from the River Wyre, 
laid down in “ Staining Hole,” near Ham- 
bleton, in April, 1905, and recovered in 


November of the same year. The black 
portion shows the growth in the seven 
months. 


Fig. 7.—Old “ blue neb” from River Wyre, laid down in 
“Staining Hole” in April, 1904, and 
recovered in November, 1905. ‘The black 
portion is the new growth that has been 
added in a period of nineteen months. 


Prate XIII. 
Chart showing the mussel beds at Morecambe. 
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TRAWLING OBSERVATIONS. 
By Jas. JOHNSTONE. 


TRAWLING OPERATIONS IN LUCE BAY. 
TRAWLING IN FISHGUARD BAY. 
FOOD OF PLAICE, DABS AND OTHER FISHES. 


REPRODUCTIVE PHASES OF HERRINGS IN 
CARNARVON AND CARDIGAN BAYS. 


5. SHA TEMPERATURE AND CATCHES OF WHITING. 


6. OCCURRENCE OF LARGE PLAICE AT NEW 
QUAY. 


Foe hae oe ae 


1. Trawling Operations in Luce Bay. 


During 1905, as for several years past, the Fishery 
Board for Scotland has kindly permitted the Committee’s 
steamer “John Fell” to trawl in Luce Bay for the 
purpose of obtaining spawning plaice. Two visits were 
made in 1905—one on October 12th and 13th, and a second 
on December 6th and 7th. On the first occasion the 
weather was all that could be desired, and the trip was 
made without any trouble; but the second trip was 
unfortunately deferred until December, and as very 
unfavourable weather was experienced time was lost. The 
trip was a most unpleasant one, and the results were not 
nearly so successful as they might otherwise have been. 

On 12th October, one haul was made with the shrimp 
trawl: the net was one with a half-inch mesh bent on to 
a 30 feet beam. There was no object in making this haul 
except to obtain some idea of the immature fish present 
in the Bay. The results of this haul are given in Table I. 
They are very similar to those obtained in 1904, except 
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that small dabs were very much more numerous on this 
occasion than formerly. As in 1904, a large proportion 
of the small plaice obtained in the shrimp trawl were 
infested with the peculiar Trematode Gasterostomum sp., 
a parasite which we have not observed in fishes from any 
region in our area other than Luce Bay. 


TABLE [. 


Luce Bay, 12th October, 1905. Shrimp Trawl. 


Fish caught. Number. Sizes in inches. 

0.28 | (eck 1 9 
FBLOO 264.32. 1, 14 

5) Oe 2 13 

17 3 1 124 

| bhc desi ok ie 175 2—6 
LAU S. Led denaanele a ae oll 1$—9 
LotS Gee 8 24—5 
Arnoglossus laterna ...... 1 44 
UVa 7S 4 92a ne 6 44__ 104 
OC OC 3 3—4 
Gites (eat nn GTC ei 4 3 
Siphonostoma tuphle ......... LO = 
Gasterosteus spinachia ...... Numerous. —. 
COEMGUSCOV PIO. ...0cs..00cc0es 4 — 
Agonus cataphractus ......... 12 — 
Caltonyiniis lyPa ........000 Numerous. a 
Centronotus gunnellus ...... 6 — 
GOOMUISAUANTUS .....00000.000. Very numerous. — 
Acanthias vulgaris.........+.. iL — 
lon 000 ae Gale — 
Pandalus aunulicornis ...... 2 Gills. —- 
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Four hauls on the 12th and six on the 15th were 
then made with a fish trawl consisting of a net with a 
7-inch mesh throughout bent on to a 30-feet beam. There 
was considerable difficulty in working the trawl on this 
occasion on account of the extraordinary amount of 
seaweed on the ground. In 1904 the same part of Luce 
Bay was comparatively free from weed; but in 1905 it 
was in parts very foul, so much so that it was found 
quite impossible to get the net aboard on the third haul 
on October 12th, owing to the great mass of weed which 
it had taken and which had caused the net to catch also 
a quantity of sand. It was, therefore, necessary to cut 
the tails, and the catch was almost entirely lost. Then 
other parts of the same area were tried so as to avoid this 
debris, but it was found that the largest plaice were 
among the seaweed; hauls III. and IV. were made on 
comparatively clean ground, and it will be seen that the 
proportion of large plaice taken was much lower than in 
the other hauls. To avoid the fouling of the net, and 
the damage to the fish entailed by the weight of the weed 
and the time it required to get the haul aboard we were, 
therefore, obliged to resort to the foul ground again. 
Short hauls, varying from three-quarters of an hour to 
50 minutes were made, and by this means Captain 
Wignall was able to steer between the Scylla of too much 
rubbish in the net, and the Charybdis of too many small 
and useless fish. But even with all due precaution some 
of the plaice obtained were badly crushed and scarred 
and subsequently died. 

Tables II. and III. shew the results of the trawling 
on 12th and 13th October. 
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TaseE IT. 

Luce Bay, 12th October, 1905. Fish Trawl. 4 hauls. 
Fishes caught. If, se TN. 

tle ee — — 1 
Pigice over 14 mches ......... 16 tl if 
Meme ea ce | 10 52 120 
105) .6o scenes ae | 24 16 26 
[EDL chan il 1 a 
Len ee if — = 
Peete OUrMAS 2.6. el. keke eee | — — j 
MGNINTMOIGON |... viele ds sliveseeceess | — — 1 
.STELS | oes -— 1 
MAOPORUMEIS) foi. cdis dale le seceelncs veces. | = — 3) 

Raia clavata, circularis and 

GCG | 34 19 (it 
Total Edible Fishes....... 86 152 Da 


Tasie IIT. 
Luce Bay, October 18th, 1905. Fish Trawl. 6 Hauls. 


Fishes caught. V. Nile Piva Tics | We TLales |p aoe xe 
Plaice over 14 inches,,) 19 26 12 18 We, 13 
do, under 14 do. 76 iv aye E10) 16 08 
Jul Ae 38 2? Tos 14 1, 25 
ol it —;| —) — — 4 
POO Oy. ec ccecescsscveneos a ee a a 
UL oui ee — — = 10 3) ooo 
10 a ee —} —}; —}) —]} — 2 
5-bearded Rockling .... 1/ —); —{| —j]—J| — 
SO hh — — LL); — — — 
Raia clavata, circularis | 
and maculata ........ 34 Ded 14 4 13 12 
Total Edible Fishes...) 169 87 389.| 56 64 | 114 
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Sizes of the Fish Caught. 


As a general rule the fish caught on board the 
“John Fell” and the Bailiffs’ cutters are not measured 
individually; only the largest and smallest fishes caught 
are measured and recorded. On the present occasion, 
however, an attempt was made to determine the character- 
istic sizes of the plaice on the “ large-plaice”’ grounds 
which we were seeking. Hauls 2, 7, 8, 9 and 10 were 
made on this ground; it is obvious from an inspection of 
the tables that Hauls 4, 5, 6 and 11 were made on a 
ground which was different in respect of the distribution 
of plaice. In Hauls 2, 7, 8, 9 and 10 all the plaice 
caught were measured and the sizes recorded. 

The average size of the plaice taken in these hauls 
is 14°44 inches. But this number gives us no clear idea 
of the sizes of the fishes present on the ground, and I 
have therefore prepared a chart (p. 93) which shows the 
numbers of plaice taken in these hauls arranged in groups 
in which the size varies from inch to inch. 

This Chart shews that the greater number of fish 
taken in the hauls selected were from 114 to 164 inches 
in length. Few were caught which were smaller than 
11} inches or larger than 16} inches. The “ mode” or 
predominant size of the plaice present is 134 inches. If 
the curve is “smoothed” the position of the ‘‘ mode” 
changes slightly and is about 14 inches. 

It should be observed that no one form of fishing 
apparatus used alone gives a representative sample of 
the fish present on a fishing ground. In the haul of the 
shrimp trawl quoted it will be seen that only four plaice 
were caught which were larger that six inches. This is 
because the “draught” of water through the shrimp net 
is so much less than through the 7-inch mesh employed 
in the other hauls that very few large fishes were retained 
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in the net. It will also be seen that slight changes in 
the position of the ground trawled over influence the 
nature of the catch very greatly; and that the presence 
of weed or debris in the net has also a great effect. To 
obtain a true picture of the kind of fish even on such a 
small area as the shallow waters of Luce Bay, a number 
of hauls would have to be taken, employing not only a 
shrimp net but also such a large-meshed net as was used 
in the present experiments, and perhaps also, a net of 
intermediate mesh—say four inches. 


inipresna ac 0,0) 2S 
Pao. oS 6 4 15} 6 1p 18 19 90 Ol 
Fic. 8.—Sizes of the plaice caught in Hauls 2, 7-10. 


Strict account was, however, kept of the plaice over 
and under 14 inches in length. Those over 14 inches 
are usually mature, and with the exception of a few males 
those under that size limit are immature. ‘The results 


are :— 
Plaice over 14 inches in length ... fs See 
Plaice under 14 inches in length ... “snp pee 
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The larger fish were therefore 27:3 per cent. of the 
total quantity caught. 

The largest dab caught was 153 inches. 

The largest flounder caught was 173 inches. 
Both were unusually large fishes. 

_A turbot was also taken which measured 305 inches 
and weighed 20 Ibs. 


Dabs and Plaice. 
Except in the single haul with the shrimp net com- 
paratively few dabs were caught. ‘The ratio of dabs to 
plaice was 1 : 270. 


The usual Physical. Observations were 
taken. These were :— 

Wind: N.W., light to fresh. 

Weather: Rainy and dull at first, fine later. 

Sea Temperature : 10°1° C. to 11°8° C. 

Air Temperature : 46° F. to 55° F. 

Specific gravity of the sea water at the surface: 10263 
to 1026°4. 

Transparency of the sea water: 16 to 18 ft. 


Invertebrates taken in the nets. 
Simple and compound AsciDIANs (very numerous). 
MoLuusca : 

Modiolus, Eolis sp., Loligo media (common), L. vulgaris (7 


Mactra_ stultorum, Pecten opercularis, 


specimens), Buccinum, Fusus and Cyprina (dead shells). 
Crustacea :—Pandalus annulicornis, Crangon vulgaris, 
Cancer pagurus, Carcinus menas, Portunas holsatus, P. puber, 
Stenorhynchus longirostris, Porcellana longicornis, Hupagurus 
bernhardus, Homarus vulgaris, Hyas araneus. 
Potyzosa:—Flustra was taken and other encrustin 
forms were observed but not identified. 
EcCHINODERMATA :——-Solaster papposus, Ophiura spp., 
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Astropecten, Asterias rubens, Echinus miliaris, Echino- 
cyamus pusillus, Thyone sp., and Cucumaria plancer 
(very abundant). 

C@LENTERATA :—Actinia equina, Alcyonium digitatum 
and Rhizostoma pulmo. Many zoophytes were, of course, 
taken but were not identified. 


fawes Hauls on December 6th and 
Cait SOs 


On this occasion the same fish-trawl net was employed 
as on October 12th and 13th. All the plaice taken which 
were over 13 inches in length were retained for hatching 
purposes and taken to Port Erin. No special observations 
were made on this occasion and I give only a table 
shewing the results of the five hauls. The plaice caught 
were, as a rule, smaller than in the fishing operations in 
October of this year. 


Luce Bay, December 6th and 7th, 1905. Fish Trawl. 


5 Hauls. 
Fishes caught. 1A RUSTE ae ae 
Plaice over 13 inches.) 28 2 Ibs) | 24 20 
do. under 13 do. Ce ook le riloma |: as 46 
200). 5 i 3 2 | 42 28 27 
OL — — 2 1 1 
Memon coles.............. aa! — 2 1 3 
Oo - 1 — 2 3 5 
a ae — | — — 1 3 
GGAUS TMINULUS .... ....0. — 1 — — — 
MPGTMEUGLIS 20.000 =. ecs00-: iw ag Pub — 4 as 
Raia clavata, circularis | 
ONG MACUlLATA.....000. «- Bishan Seah Nee 48 34 
Total Edible Fishes..| 196 | 88 | 109 | 158 | 149 
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2. Haul with a Shrimp-trawl in Fishguard Bay, Milford 
Haven Fishery District, on June 23, 1905. 


1—Physical conditions, ace 

Wind: calm. 

Weather: fine. 

Sea: smooth. 

Bar.: 30°6. 

Air temp.: Dry 66°5, wet 64°59. 

Sea temp.: 14°2 at surf. 

Spec. grav.: 1026°2. 

Transp.: 18 feet. 

Net used: Shrimp trawl net, jin. mesh, 3O0ft. 
beam. 

1 hour haul, 3°55 p.m.—9d p.m. 

131 to 8 faths.: bottom of black sand becoming 
hght later. 


2.—Catch. 
Soles: 10, 83in.-153in. 
Plaice: 16, less than 8in. 
Plaice: 73, over 8in. 
Dabs: 22, less than 8in. 
Dabs: 30, over 8in. 
Ray: 5, under 4in.} ae eh 
Ray: 6, over 4in. f ostly R. clavata. 

Brill: 1, 231in. 

Grey gurnards: 4, 10}in.-12in. 

Grey gurnards: 13, 4in.-9in. 

Sprats: 1,890. 


Inedible Fishes. 


Solenettes: 11. 
Galeus vulgaris: 1. 
Callionymus lyra: very numerous. 


- 
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Invertebrates caught. | 


Motuusca:—Nucula, Scaphander lignarius (feeding on 
Nucula), Mactra stultorum, Psammobia sp., Natica catena 
(one specimen var. alba), Loligo media (very numerous), 
Sepiola atlantica, Rossia macrosoma, Philine aperta, Natica 
spawn. 


Crustacna :—Corystes, Portunus, Atelecyclus heterodon. 


EcHINoDERMS :—Oplhiura spp., Asterias rubens, Hchinus 
esculentus and HE. miliaris. 

Just outside Fishoguard Bay, in water of 16} to 20 
fathoms, we had another haul with the shrimp trawl on 
the 24th June. ‘The results were : — 

Dabs: 2, (tin. to 9m. 

Whiting: 4, 74in. to Llin. 

Raia maculata: 2, 144in. to L54in. 
Sand eel: 1, 6in. 

Onus tricirrhata: 3, 6in. 

Gadus minutus: 33, 3in. to 5in. 
Shrimps: 1 specimen. 
Callionymus lyra: not abundant. 

The invertebrates were very few indeed. One 
specimen of Pasiphea sivado was taken; Loligo media was 
numerous; Pecten opercularis, Mchinus esculentus and 
EK. miliaris were the only other invertebrates noticed. 

It is interesting to compare the three closed areas: 
Luce Bay, Blackpool Closed Ground, and Fishguard Bay. 
In the former we have a rich fish fauna (rich in point 
of number and species) and a peculiar distribution of 
plaice and other flat fishes in respect of sizes—plaice of 
all sizes being found on the same shallow-water area. 
Blackpool Closed Ground presents a great abundance of 
individuals belonging to a very few species, and this 

R 
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abundance varies exceedingly from season to season, the 
variations in the nature and abundance of flat and other 
fishes being greater than can possibly be accounted for by 
accidental circumstances; again, during the months of 
October, November and December, in which we have 
trawled in Luce Bay we have observed hardly any 
variation in the wumbers and kinds and sizes of fishes 
which might not be due to the accidents of the 
observations. In Fishguard Bay there was a fish fauna 
both abundant and various. It ought to be stated, 
however, that we have only one or two observations 
of the fish on this g1ound, and it may easily be the case 
that variations in distribution as marked as those on 
Blackpool Ground may occur in different seasons of the 
year. Obviously, closure of an area does not always 
produce the same results; many other circumstances— 
physical conditions, fishing in adjacent water, and the 
hke, must operate in masking the effects of the closure. 

The haul outside Fishguard Bay presents no features 
worthy of note. 


3. Food of Plaice and Dabs. 


The following observations relate to the examination 
of the stomachs of plaice and dabs taken together on the 
same ground, and in the same hauls with the trawl-net. 
Comparatively few fishes have so far been examined, but 
it is hoped to devote considerably more time in the future 
to this branch of work. The examinations have been 
made from the point of view of the supposed competition 
of the two species with each other in respect of food. The 
individual sizes of the fishes examined are not given, but 
in the great majority of cases the plaice were from 8in. to 
about 12in. in length (9in. would represent the average 
size), while the dabs were rather smaller (about 8in. long). 
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The quantities of the two kinds of fishes taken in the 
hauls are also given. 

June 20th, 1905.—Near Puffin Island. 109 plaice 
and 110 dabs : — 


No. examined. Food. 
6 plaice ... ... Serobicularia (common), 

Solen, Pectinaria, ichinocyamus. 
Grdaws .. .). ... Hermit erabs (common), 


Ophioglypha (common), polychaetes. 

23rd June, 1905.—Fishguard Bay. Shrimp traw!] ; 
73 plaice over 8in., 30 dabs over 8in. :~- 
& plaice ... me all Vacira: 
andaS =... ... all young Carcinus moenas,} to + inch 

in breadth. 

July 6th, 1905.—Beaumaris Bay. 101 plaice 631n. 

to 1ldin.; 53 dabs 94in. to 12in. : — 


EO plaice. OM drarlrse 
All feeding on Mactra 1. Ophioglyphaand Natica. 
and Scrobicularia, 2 do. do. 
1 also on polychaete worms. 3. do. do. 
4. do. do. 
5. do. do. 


6. Hermit crabs. 
7. Soft crabs. 
8. Polychaete worms. 
9. Mactra and Scrobicularia. 
10. Scrobiculania. 
In this case three of the dabs and three of the plaice 
were feeding on the same animals. 
July 12th, 1905.-Bahama Bank. 29 plaice and three 
dabs :— 
» dabs. 
1. Hermit crabs. All the plaice caught were 
2. Solen, Hermit crabs. used for the marking 
8, Solen, Polychaetes. experiment, 
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Dth) July; “190d. Three 


miles W.N.W. from 


Llandwyn. Six plaice and 20 dabs :— 


5 dabs examined. 
be Grabe. 4. 
9. do., Solen. 5. 
do., Mactra. 
21st July, 1905.—Three 


Solen. 


Ophiuroids, Solen, 


miles W.S.W. from 


Tremadoc Bar Buoy. 11 plaice and 316 dabs : — 


8 dabs examined. 
ike Soft crabs. 


2. Polyehaetes, Portunus holsatus. 
3. Porcellana longicornis. 
1 Aphrodite, Philine aperta, erabs. 


5 & 6. Mactra. 
ce Ophiuroids. 
S: Crabs. 


24th July, 1905.—17 miles 8.W. by W. from Calf 


of Man. No plaice, 14 dabs : — 
11 dabs examined. 


f: Ophiura albida, Nereids, small erabs. 
2&3.  Ophiura albida, small crabs. 


Crabs, large quantity of some zoophyte. 
5. Ophiura albida, Hulima hilineata. 


6,7 & 8. Ophiura albida. 


9 & 10. Ophiura albida and hermit crabs. 
in @ Ophiura albida, hermit crabs, small Carcimus. 
13th September, 1905. Red Whart Bay. 450 plaice 


and 75 dabs :— 
6 plaice examined. 
All feeding on Scrobicularia. 1. 


6, 


dabs examined. 

Carcinus. 

Carcinus and other erab 
remains. 

Crabs and polychaete 
worms. 

Corystes, T'ellina, Solen. 

Ophiuroids and Serobi- 
cularia. 

Tellinaand Scrobicularia, 


eee 
—— —  ——<— 
ee eS eee a 
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12th October, 
dabs : — 
7 plaice examined. 


1905.—Luce Bay. 


245 
59 ‘plaice, 16 


6 dabs examined. 


1&2. Nucula. 1b Pecten, Carcinus, Car- 
a 4. Polychaetes. dium, Solen, Scrobi- 
5. Pectinaria, Cucumanva. cularia. 
6. Solen. 2&3. Solen and Hyas. 
ie Solen and Scrobicu- 4. Ophioglypha, Solen. 
larva. 5. Scrobicularia & Solen. 
6. Scrobicularia and 
Nucula. 
23rd November, 1905.—Off Conway Bar Buoy. 122 


plaice, 36 dabs : — 
6 plaice. 


5 dabs. 


1&2. Tellina. 1. Virguaria mirabilis, 
3. Tellina and Scrobicu- Obelia longissima, 
larva. Bougainvillea ramosa, 
4, Neretds. Hydrallmania falcata, 
5 & 6. Nereids and Scrobicu- Lafoeca dumosa. 
laria. 2. Crabs. 
3. Crabs and Ophiura sp. 
4. Crabs and Psamimolia. 
5. Shrimp and Psammobia. 
7th December, 1905.—Luce Bay. 66 plaice, 27 
dabs : — 
HOM plaice. lee sdtapbise 
1to 8. Stomachs empty. 1 & 2. Empty. 
2. Small Amphipod. 3. 4. Cardium echinatum, 
10. Hrrant Polychaete. Crab, simple asci- 
dians. 
5. Hermit crab, Soler. 
6. Philine, 2 simple asci- 
dians. 
Ve Five Simple ascidians. 
8. Ophiuroids. 
9, Hermit crabs and 
Stenorhynchus. 
10. Actinian, foot of large 
lamellibranch. 
Wel, Foot of (2?) Cardiwn. 
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In this last haul, nearly all the stomachs of the dabs 
examined were half empty. 


16th December, 1905.—Off Patches Buoy, Aberyst- 
with : — 


8 plaice. 8 dabs. 
1 Solen and_ poly- L Ophiura albida. 
chaetes. 2 to 4. do. do. 
2. Amphipod and Solen. 5. Nereids. 
3 to 8. Empty. 6. Solen, Serpula, Eupa- 
gurus bernhardus. 
Ls Lupagurus bernhardus 
8. Ophiura albida, 


Philine aperta, crabs 
One cod, caught off Blackpool on 8th December, 
1905. The fish was a female 374in. long, was in bad con- 
dition when received, and the contents of the stomach had 
undergone considerable post-mortem digestion. They 
were :— 
3 dabs, 6in, to 8in. long; 
7 other pleuronectid fishes ; 
3 herrings (or sprats), 3in. to 5in. long; 
9 other round fishes—not herrings; 
15 shrimps. 
There was, in addition, a large mass of semi-digested 
food matter in the stomach, most of which consisted of 


the disarticulated bones of fishes. 


4. Reproductive condition of Herring in Cardigan and 
Carnarvon Bays in Winter. 

Three lots of herring caught in these areas were sent 
to me by the bailiffs on Dr. Jenkins’ instructions. They 
were examined for the condition of the roes, and for the 
food contents of the stomachs. The details are ;:—- 


SEA-FISHERIES LABORATORY. DAT 


(1) 13 herrings caught in Nevin Bay, Carnarvon Bay, 
one mile from shore in three fathoms on December Ist, 
1905— 


8 were spent females ; 
5 were spent males. 
In all cases the stomachs were empty. 
(2) 12 herrings caught off New Quay on December 
4th, 1905, at night— 
1 was a spent female ; 
3 were spent males; 
4 were full females; 
4 were full males. 
All the stomachs were empty. 
(3) 12 herrings caught close inshore in Nevin Bay, 
Carnarvon Bay, on sand and on gravel on 13th December, 


1905— 
do were spent females ; 
3 were spent males; 
1 was a full female; 
3 were full males. 
All the stomachs were empty. 


These results are extremely interesting. It 1s 
evident that full herring are to be found oft the Welsh 
coast in winter, and probably deposit their spawn there. 
It is most desirable that samples of herring from all the 
Welsh fisheries should be obtained and examined. 


5. Sea temperature and catches of Whitings. 


The connection between hydrographical observations 
and the abundance of food fishes is well illustrated® by a 
discussion of the sea temperature and the catches of 
haddock made by steam trawlers fishing off Granton on 
the East coast of Scotland. A curve is given in the 


** See D’Arcy Thompson, Granton Trawling Statistics. Report 
on North Sea Investigations p. 265, 1905. 
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article referred to, which shows the closest correspondence 
between the catches of this fish and the temperature of 
the sea. I have tried to see if a similar correspondence 
existed between any food fish and the sea temperature in 
our own area, but we do not possess data to enable such 
a comparison to be made as it should be. The shrimp 
trawl statistics taken by Mr. Hcecles on the Liverpool 
Shrimping Ground during the years 1895-1899 do, 
however, yield a reliable series of figures. Most unfortu- 
nately we have no good records of sea temperatures. On 
board the “ John Fell” the temperature of the sea at the 
surface is always taken at the beginning of a haul with 
a trawl net, and the thermometer, which is a reliable one, 
is always correctly read to one-fifth of a degree centi- 
grade. Unfortunately the ‘‘John Fell” has a wide 
district and the number of temperature observations in 
Liverpool Bay are rather few for our purpose. ‘The 
average monthly temperatures are calculated from the 
records of the “ John Fell” and the New Brighton police 
cutter. I think the latter temperature data are not quite 
reliable but they are the best we can obtain. 

The figures shewing the variation in the abundance 
of whiting from month to month during the year are, 
I think, quite reliable. All the figures for each month 
during the period 1893-9 have been grouped together and 
averages have been calculated. Accidental fluctuations 
are got rid of by the statistical device of taking three- 
monthly averages for every month. ‘That is, the average 
for January is really the average for the three months 
December-January-February; that for February is the 
average of the months January-February-March, and so 
on. 


‘The figares so obtained are as follows:— 
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Average catches of immature whiting on the Mersey 
Shrimping Grounds during the years 1893-9; with the 
temperature of the sea for the year 1905 :— 


| "Average tem- 
No. of | Average _| perature of the 
hauls. catch.* | sea at the 
surface (°C). 
SAMUALY )...  -.. 30 33 | ol 
Peprary =... ..-: 38 62 | 6:4 
March » see 38 213 5d 
be... 56 99 | 86 
LU) saa (5) 83 Hae! 
_ ne ae 74 28 15 
ee 89 Fllal Lt-7 
PUB ... ... 90 oie 17°3 
September... _... ug 759 14:5 
October... ... 68 466 1071 
November... ... 4 250 8°3 
| Weeomber,... ...| 37 48 


« “3-monthly averages taken monthly.” 


That they may be the more easily understood I have 
represented these results on the chart. The curve has 
been “ smoothed.” 

Now, one must remember that the temperature obser- 
vations are few and imperfect, and that the form of the 
curve might be different if a more extensive series of 
observations were available. Nevertheless, it will be seen’ 
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that there is a correspondence between the abundance of 
whiting and the temperature of the sea water. It must 
be confessed that results like this are very tantalising and 
make one wish for more extensive series of statistical 
figures.* I think, too, that they dicate the value of 
exact hydrographical investigations. 

The form of the curve for whiting should be noticed. 
This curve is constructed from a great number of observa- 
tions and probably yields a tolerably accurate picture of 


Jany. Feby. Mar April. May. dune. July. Aug. Sept. Oct. Nov. Dec. 
Fig. 9. Relation between abundance of immature whiting and the 
temperature of the sea. 


the abundance of young whiting on the Mersey Shrimping 
Grounds. ‘There is a minor maximum of abundance of 
whiting in the month of March. This is due to an 
immigration of fish of the previous year’s spawning. 
Then in June the fish become scarce and immediately 
begin to become more abundant, attaining the maximum 


* It ought to be possible to obtain daily temperature records 
from the various lightships off the coasts of Lancashire and Wales. 
I would suggest that this be attempted. 
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for the year in the month of August. The fish present 
at this time are probably those resulting from the same 
year’s spawning. Then when the temperature of the 
sea falls whiting become less abundant, and a minimum is 


reached in December and January. 


6. Occurrence of large Plaice at New Quay. 
Two hauls made by Mr. E. Williams, the Bailiff 


stationed at New Quay, are of interest as shewing that 
large and mature plaice are not necessarily confined to 
comparatively deep water, but may occur close in shore. 
The hauls were :— 


ith March, 1905.—Oft New Quay head, four miles 
| 
Pish Caught. 
Plaice: 80, 23in. to Tin. in length. 
Brills: 2, 19in. to 16in. in length. 
Whitings: 15, 18in. to 14in. in length. 
Skates: 2, 191n. in length. 


2ith March, 1905.—Near the same place : — 
Soles: 5, 14in. to 12in. in length. 
Plaice: 30, 1vin. to 8in. in length. 
Whitings: 6, 16in. to 131m. in length. 
Skates: 7, 12in. to 8in. in length. 

That large and mature plaice occur only sporadically 
in inshore waters is due, I think, to the fact that such 
large fish are necessarily few in number, and are easily 
fished out in comparison with those of smaller size, and 
not to any necessary connection between the habits of 
the fish and the depth of water. 
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REPORT ON EXPERIMENTS WITH MARKED 
FISH DURING THE YEAR 1904. 


By Jas. JOHNSTONE. 


A preliminary account of these experiments was 
given in the report for 1904,* and the methods adopted 
(which were those elaborated by the International Fishery 
Investigation Staff) were explained. At the time when 
this preliminary report was written, 391 fishes had been 
marked and liberated, but since then 464 other fish have 
been dealt with. Many of the latter experiments are still 
incomplete, inasmuch as sufficient time has not yet 
elapsed to allow of the recapture of the fishes. It is only 
with regard to Experiments I. to X., which were made 
before the end of March, 1905, that any conclusions can 
be drawn, and many more fish will doubtless be recaptured 
trom the later experiments. 

The first few batches of fish marked and liberated 
were to some extent experimental, as we had not at that 
time sufficient experience of the method to enable us to 
avoid errors. Much difficulty, for instance, was 
experienced in finding suitable labels. The first hundred 
of these were obtained from the Marine Bniological 
Association, and were used in the first Luce Bay 
experiments. Then 100 aluminium labels were tried, but 
these proved to be most unsuitable. The colour of the 
metal and its lightness induced us to try it, but we soon 
found that the corrosion caused by electrolytic action 
between the label and the silver wire was very rapid, and 
only a small percentage of these was returned. Then 
some hundreds of thin brass labels were obtained, but 
again these were imperfect, inasmuch as the metal was 


* Report Lancashire Sea Fisheries Laboratory for 1904, pp. 91-97. 
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soft and the label was too thin. None of these had 
resisted corrosion in the sea for a longer time than 12 
months, and even after six months the corrosion was, in 
some cases, so great that it was difficult to read the 
number. The later labels obtained were made of thicker 
and harder brass, and have been quite satisfactory. 

The great majority of the fish marked have been 
plaice. A dozen soles were marked and liberated, but I 
did not. regard the method as suitable for this fish and no 
more were dealt with. None of these soles has been 
returned. A few other fishes were also marked, and out 
of four dabs so treated one has been returned. The only 
flounder marked has also been re-caught. There is no 
reason why these marking experiments should be 
restricted to plaice and flounders, but it must be said that 
the difficulties of marking other fishes are very much 
greater, and suitable methods will take some time to 
devise. 

It was hoped that 1,000 fish would be marked before 
the end of 1905, but the stress of other work interfered, 
and two or three trips were abandoned because of 
unsuitable weather. 

I give below a summary of the experiments made up 
to the end of 1905, and of the results obtained. 

It gives me great pleasure to acknowledge the 
assistance received from all who have been asked to 
co-operate in these experiments. Both Dr. Jenkins and 
Captain Wignall have given me every facility which was 
possible, and have been most kind. We are greatly 
indebted to those who have returned marked fishes. The 
Officers of the Committee, Messrs. Wright, Gardner, 
Kecles, Jones, Pritchard and Williams, have given all the 
assistance possible. Several Members of the Committee, 
Messrs, Dean, Garnett and Harley in particular, have 
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most kindly acted as our agents and received marked 
fishes and paid rewards. Finally, many gentlemen not 
connected with our Committee have given us much 
assistance. I refer more particularly to Mr. R. Knox, of 
Douglas, Mr. G. Holmes, of the Cumberland District, and 
Mr. Rust, of the Milford Haven Fishermen’s Association. 
Both the Irish Department of Agriculture and Technical 
Instruction and the Fishery Board for Scotland have 
instructed their officers to give us every assistance. It is 
needless to say that without this cordial co-operation the 
experiments would not have been possible. 

The total number of plaice returned is, therefore, 
195, or 254 per cent. of the whole. But of the 855 fishes 
dealt with 142 were liberated in Luce Bay while trawling 
there for spawning plaice, and as there is very little 
fishing (and no trawling) in this area, it was not expected 
that many of these fish would be recaught. Again, 290 
fish were liberated since the end of March, and many more 
of these will doubtless be recaptured. If we consider only 
the fish which have been liberated in the Lancashire and 
Western District area before the end of March, 1905, the 
results are very encouraging. Of 452 such fishes 148, or 
341 per cent., have been returned. 

It is quite certain that a number of fish have been 
recaptured and have not been reported. I have heard of 
several such cases. One was only discovered after being 
exposed in Douglas Fish Market, and several were sent 
from other markets or fishmongers’ shops. In some cases 
the approximate localities where these fish were caught 
could be traced, but this was impossible in others. In one 
case a fish-label was sent to me which had certainly been 
fried. In this case the mark could not have been noticed 
until the fish had been cooked—a fact which does not say 
much for the care with which the cook cleaned the fish, 
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In another case three labels were sent to me which had 
certainly lain in the finder’s waistcoat pocket for some 
months. They were accompanied by a very unconvincing 
statement of the circumstances under which the fishes 
were caught. Another case was reported to me as follows: 
“ .... 1 heard yesterday from a fish hawker of ... . 
that he bought some fish of a trawler at ... . and he had 
a marked fish and he laid it to one side and the cat ran 
off with it. He says the No. was L 307. Of course I 
said ‘ No label, no pay’... .’ Other analogous leakages 
have no doubt occurred. 

Then again, the proportion of fish caught depends 
obviously on the amount of fishing which goes on in the 
areas to which the marked fish migrate. Thus, the small 
proportion of fish returned from Luce Bay is to be 
attributed simply to this cause; and the same may be 
said of the relative lack of success which has attended the 
marking of fish in Carnarvon and Cardigan Bays. <A 
glance over the general summary will bear this out. A 
high percentage of the fish liberated on Blackpool Closed 
Ground has been returned because these fish have for the 
most part travelled alongshore into the shallow waters of 
Morecambe Bay, the Ribble Estuary, and the Mersey 
Grounds; and so also with the fish liberated off the 
Mersey Banks. Although a number of fish have been 
returned from offshore grounds, it must nevertheless be 
borne in mind that fishing there is less intense than along 
the shore, where, in addition to trawling by half-decked 
boats, stake nets, trammels and “tees”’ also play their 
parts. 

The chances that a fish living on the Hastern side of 
the Irish Sea will be captured comparatively early in its 
lifetime are greater than one imagines. We have a record 
of one plaice which was captured three times before it 
was three years of age, This fish (No. L 485) was first of 

8 
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all caught in the Barrow Channel by Mr. John Wright, 
Head Bailiff at Fleetwood, and brought into Piel 
Hatchery, where it was marked. It was then taken out 
to beyond the Morecambe Bay Lightship and liberated. 
It returned again into Barrow Channel, and about ten 
weeks after its first capture it was again caught by Mr. 
Wright. It was then kept alive in the Piel tanks for a 
couple of days and again taken out to beyond the same 
Lightship. But hardly a month afterwards the 
unfortunate fish was recaught by the Fleetwood smack 
FD 99 and sent to the Liverpool Laboratory. 

At least four plaice have crossed the Irish Channel. 
One of these, No. L 352, was liberated on Blackpool 
Closed Ground on 13th November, 1905, and about six 
months later news of its capture at Courtown Bay, 
Co. Wexford, Ireland, reached me via a coastguard 
officer, the Irish Board of Agriculture and Technical 
Instruction, the English Board of Agriculture and 
Fisheries, and Dr. Jenkins, who formed the last link of 
this official chain. This fish, supposing it had made a 
straight course for Courtown (which it, most probably, 
did not) had travelled at least 130 miles in 6 months. 
Other two fish have been reported from the East Coast of 
Ireland, one from near Balbriggan, in Co. Meath, and 
another from Belfast Lough. In each case the brass label 
had disappeared, but the bone button and silver wire 
indicated that these fishes had been liberated on the Kast 
side of the Irish Sea. One probably came from Blackpool, 
and the other from Luce Bay. Finally, a Luce Bay fish 
was taken in a herring-net in Campbelltown Loch on the 
Argyllshire side of the Firth of Clyde. It is to be noted 
that all these fishes must have crossed water of at least 
50 fathoms in depth, unless, indeed, the Campbelltown 


fish made a circuitous journey round the Lochs of the 
Clyde. 
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Remarks on the different experiments. 
Statron I.—Luee Bay. 


Strictly speaking, Luce Bay is not within our 
Lancashire and Western Fishery District, but as we have 
been interested in this fishing ground for the last few 
years we thought it a useful thing to “plant” some 
marked plaice there. There is very little fishing of any 
kind, and no trawling, in the neighbourhood of Luce Bay, 
and the chances of a successful result depended on 
offshore migration of the fishes, or migration into the 
Solway Firth. This offshore migration was indicated by 
one fish which crossed the North Channel and was found 
in Campbelltown Loch, and the Solway migration was 
shown by another fish which was found near Annan. 
Only one other fish was recaptured, and this was taken in 


the Bay itself. 


Station II.—Ramsey Bay. 


Only four fishes were found out of 34 hberated in 
this Bay. Three went offshore and one was found on the 
North-West Coast of the Isle of Man. Here again there 
is little inshore fishing, and in consequence of the Manx 
Fishery Laws all the territorial waters are closed against 
trawling. 


Semon, LiT.—Off Puffin Island. 


Unfortunately the aluminium labels were used for 
this experiment, and as the label itself appears to have 
been corroded away in a comparatively short time, 
leaving only the button and wire attached to the fish, it 
is probable that many of these fishes have been recaptured 
but have escaped notice. The migration of the fishes 
actually found are indicated on Chart II. by the red 
circles surmounted by a horizontal line. Most of the 
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fishes found were caught in Red Wharf Bay within the 
first four weeks. One, however, was taken in the Dee and 
one in Carnarvon Bay, having probably gone through the 
Menai Straits. 


Station IV.—Ofi Great Ormes eae 


In this experiment the results are almost exactly the 
same as in Experiment IIT. Two fishes were found in the 
Dee. Two, however, made very extended migrations, and 
were found in Newport Bay, in the Milford Fishery 
District, and off New Quay Head, near the Southern 
extremity of our own area. 


Station V.—Newcome Kungiae 


This experiment is remarkable because of the 
extraordinary manner in which the fishes liberated have 
scattered. Within the first 12 weeks after liberation 
marked plaice from this station were found in Red Wharf 
Bay, Menai Straits, the Wallasey shore, the Ribble, and 
Morecambe Bay. Three also were recaught off the 
North-East Coast of the Isle of Man. Later on the other 
fish caught were taken in the waters round Holyhead, and 
these were probably those which had migrated to that 
area in the first three months. 


Station VI.—Blackpool Closed Grouma, 


This is the most interesting of all the experiments 
made, and the results are, on the whole, consistent with 
each other. They are represented on Chart I. by the 
black circles. If note be made of the length of time 
elapsing between the liberation and recapture of the fish 
(this time is indicated by the small figures within the 
circles), then it is fairly easy to trace the migration paths 
of the fishes recaught. Out of 78 plaice liberated, 16 were 
found in the waters of Morecambe Bay, and two in the 
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Ribble, during the first 16 weeks. This shows, on the 
whole, a general migration inshore and in a Northerly 
direction during the winter. But again it will be seen that 
11 fishes were found in Red Wharf Bay and Liverpool 
Bay generally at periods of from four to 13 months after 
liberation, and that two fishes actually crossed the Irish 
Channel and were found off the Irish coast. It is only 
reasonable to suppose that many more fish entered 
Morecambe Bay (and the Ribble) from Blackpool Closed 
Ground than were recaught, and that i the Spring 
_ following the experiment these fishes began to migrate 

out from the Bay (and the Ribble) and to proceed offshore 
and in a Southerly direction. If the times of recapture 
be noted, this course can be traced with some degree of 
probability. I have represented it on Chart I. by lines 
and arrows. ‘he thick lines indicate the winter 
migration, generally inshore and to the North, and the 
thin lines the spring and summer migration, generally 
offshore and to the South. 

The chart shows exceptional migrations. But we are 
dealing with creatures possessed of volition, and to some 
extent capricious in their movements. When one 
remembers this, and reflects on the multitude of influences 
acting on a marine fish so as to determine its movements 
and habits, it would be too much to expect that simple 
undeviating migration paths should be followed without 
exception. 


Station VII.—Luce Bay. 


For some reason or other the second Luce Bay 
experiment was more successful than the first. But few 
fishes were returned, and the only conclusion to be drawn 
is that the fish population of the Bay is an indigenous 
one, for most of those returned were caught in the area 
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where liberated. One, indeed, went to Girvan, in the 

Clyde: this was initially the largest of those recovered ; 

and one went to the Solway, and conversely this initially 

was the smallest of those recovered. 

Station VIII—2i Miles W.fromLiverpool 
Bar Lightship. 

Here again we meet with consistent results. Of the 
fish set free on this Station 16 went inshore, and in the 
main in a Northerly direction towards the bays and 
estuaries. Most of these were caught in the Ribble and 
in Morecambe Bay within the first 12 weeks. After this 
interval two were found in offshore waters and two far to 
the South in Cardigan Bay, while one had crossed the 
“head of the tide” and was recaptured off Workington — 
in the Cumberland Sea Fishery District. 


Station IX—10 Miles W. from Carnarvon 
Bar Buoy. 

Again we are comforted by finding that the results 
of the experiment are uniform. Of 50 plaice liberated in 
Carnarvon bay 12 were found. Nine of these went South 
and eight were caught in ‘lremadoc and Cardigan Bays. 
One at least left the district and was caught in St. Bride’s 
Bay, in the Milford Haven Fishery District, 20 weeks 
after liberation. ‘The single inevitable exception to this 
general Southerly migration was observed by a fish which 
found its way into Liverpool Bay (probably through the 
Menai Straits) and was caught in a stake net on Wallasey 
shore. It is remarkable that so many fish from this and 
other experiments should have rounded the rocky, 
precipitous coast of the Carnarvon Peninsula. 


Station X—Morecambe Bay Lightship. 


This also was a very remarkable experiment. At the 
time when it was made I was busy at Piel conducting the 
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Fishermen’s Classes and could not go to sea except for a 
day at the week end between the beginning of March and 
the beginning of May. On March 16th, Mr. John 
Wright, the Chief Fishery Officer at Fleetwood, came 
over to Piel and trawled in Barrow Channel for plaice, 
which were brought into the Hatchery and marked there. 
The fish were then kept alive in the tanks for a day, and 
were put on board the “John Fell” and taken out to 
beyond the Morecambe Bay Lightship, where they were 
liberated. For about a week nothing was heard of these 
fishes, and then they began to come back into Barrow 
Channel again, and within the first two months 16 marked 
plaice from this experiment alone were caught in this 
area. It is not, as might appear, the case that this 
abundance of recaptures depends simply on excessive 
fishing, for practically all these fishes were caught by 
two or three men working stake nets. It is evident that 
there was a general inshore migration towards Morecambe 
Bay, and that most of the fishes participating entered the 
Channel. Two fish travelled North along the Cumberland 
coast, and crossing the head of the tide were caught in 
the Solway Firth. I think it probable that the fish, after 
leaving the Lightship ground, struck the Cumberland 
coast and most of them came South but that a few went 
North. 

It will be seen from Chart I., where these results are 
represented by the blue circles, that quite a number of 
marked fish were caught on the ground round the Light- 
ship. But it will also be seen that these fishes were mostly 
caught there three months after liberation, and taken 
together with the results of the Blackpool Experiment, 
this indicates that the fish, after finishing their first 
inshore migration and feeding for a time on the shallow 
water grounds, began to migrate outwards again. 
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The exceptions to these general conclusions are 
represented by two fish which went at once directly North 
and were caught near the Bahama Lightship, and by one 
which at once went South and was caught in Holyhead 
Harbour about seven weeks after liberation, having in 
that time travelled at least 55 miles. 


Station XI—Morecambe Bay Lightship. 


It was thought advisable to repeat the above experi- 
ment, so in May 44 plaice were liberated near the same 
place but a little further to the West. None of these fish 
(which had also been caught in Barrow Channel by Mr. 
Wright) returned to that area, and in one month three of 
them were caught to the South-Hast of the place where 
liberated. Very few of these fishes have been returned, 
but such recaptures as have been reported show a general 
tendency of the fishes to travel to the South and East into 
shallower water. While trawling in Barrow Channel for 
these fishes, Mr. Wright caught two of those which he 
had already trawled there. These were measured and 
taken out to sea to be used in this experiment, and one 
of them has already been recaptured. 


Station XII—Off Chicken Rock, LOOM. 


At the end of each hatching season the plaice 
remaining in the tanks at Piel are turned back again into 
the sea. We thought it might be useful, however, to 
mark some of these fishes and liberate them in deep 
water. Accordingly 11 large mature fishes were taken out 
from Piel in the “ John Fell” and marked and liberated 
in the deep water South-West of the Calf of Man. None 
of these fishes have been returned to us. But after a 
sojourn of two months in small tanks large plaice are not 
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possessed of great vitality, and I think it possible that 
the transportation and handling and the marking 
operation may have killed these plaice. 


manoen  <Lit—Off Kemmaes Head. 


Thirty plaice were liberated on this station, which is 
at the Southern extremity of the Lancashire and Western 
Sea Fishery District. Only five have been returned, and 
these were caught immediately to the South-West of the 
station. 


Boeation XIVY—Near Liverpool Bar 
Lightship. | 


Hearing that plaice were plentiful on this area in 
July last we caught and marked 35 fishes. Up to the 
present all the fishes returned from this lot have been 
found in the immediate neighbourhood of the station, no 
migrations of any extent having taken place. The results 
are represented on Chart II. by the blue circles. 


euaumon XVY-Near Morecambe Bay 
Lightship. 


Nineteen plaice were liberated here, but only one has 
been returned, and this was caught near the station but 


about five miles 8.W. by 8S. 


Station XVI—Near Bahama Lightship. 


Twenty-one plaice, three dabs, and one brill were 
liberated here on July 7th. Only one plaice has been 
returned, but one of the three dabs set free was sent back 
on 8th November last. ‘This is the only dab out of four 
marked which has been returned to me. 
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Station XVII.-Blackpool Closed 
Ground. 

Thirty-one plaice were liberated on this station in 
July last, and five have been returned. With the 
exception of one fish (which went offshore) all these were 
recaught on the inshore waters North and South of the 
station. 


The fish liberated on the three last stations were not 
all in a perfectly sound state. They were caught in the 
vicinities of the three stations and kept on board in the 
tanks for a short time only. When we caught them the 
surface of the sea, and the waters for some depths down, 
were swarming with the jelly-fish Awrelza—so much so 
that the sea was literally carpeted in places with these 
creatures. When the net was hauled an enormous 
quantity were always included among the catch, and the 
fish caught were always very sickly. Even when great 
masses of seaweed or mud were taken, the fish caught 
never exhibited the same lack of vitality as was shown in 
these catches, and the result is probably due to the contact 
of the fishes with the poisonous stinging cells of the jelly- 
fishes. I think it quite probable that a large number of 
these fishes died some time after liberation. 


Stations XVIII. to XX—Nevin ame 
Aberystwyth, Carnarvon and 
Cardigan Bays. 

‘Thirty-one fish were liberated on these three stations, 
but none has been returned so far. Five of the fish 
marked were small rays, but the rest were plaice and in 
good condition when liberated. These poor results are 
due, I consider, to the fact that the amount of fishing on 
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the Welsh coasts is so very trifling, and that the fish have 
simply not had a chance of being caught. Most of the 
fishes liberated on the Welsh stations have been caught 
on the grounds round Kilan Head, in Tremadoc Bay, and 
on the trawling grounds extending from New Quay to 
Dinas Head. ‘That the comparative lack of success 
attending these experiments is due to the absence of 
fishing on the part of the local Welsh population may be 
seen by considering the tables where I have given the 
port of registration of the vessels catching the fish (when 
ascertainable). In the case of the fish caught off Kilan 
Head the captors were Southport half-decked boats, and 
the fish caught in the waters South of Kemmaes Head 
were taken by Liverpool, Milford, or Brixham boats. In 
only one case was a marked fish taken by a Welsh boat— 
a Carnarvon smack. Even in the case of the Red Wharf 
Bay fishes, the captures were usually made by Hoylake 
vessels registered (for some reason or other) out of 


Douglas. 
Station XXI—Luce Bay. 


On the occasion of trawling the Bay for spawning 
plaice for Piel, 20 plaice were marked and liberated. Only 
_ one has been reported to me, and this was caught on the 


shore of the Bay. 


Station XXII—Formby Channel. 


Several attempts were made to mark a number of fish 
in October last, but on two occasions very rough weather 
was experienced and the experiments were abandoned. 
The last lot of plaice marked in 1905 were set free in 
Formby Channel on October 26th. It is, of course, far 
too soon to discuss the results of this experiment. 
Hitherto only six fishes have been returned. Three have 
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been caught in the neighbourhood of the station, and 


other three (not imcluded in the tables) from Morecambe 
Bay. 


Intensity of fishing. 


It is customary, in investigations of this kind, to use 
the results for making deductions as to the intensity of 
fishing in the areas dealt with. If, say, 100 plaice are 
liberated and spread themselves over a comparatively wide 
area, and if within a certain period, say one year, 50 of 
these are recaptured, it may be argued that of all the 
plaice present on the same area 50 per cent. have been 
captured during the same year. Information to form such 
estimates of the intensity of fishing on the East side of 
the Irish Sea is afforded by the summary table. In the 
case of nine experiments the data are complete—a 
complete year having elapsed between the time when the 
fish were liberated and the time when the summary was 
drawn up. ‘The last column gives the percentages 
recaptured, and the figures may mean that in the course 
of one year 6 per cent. of the plaice in Luce Bay and 
the adjacent waters were captured, 12 per cent. of those 
on the fishing grounds round the Isle of Man, and so on. 
Now we may leave the Luce Bay experiments out of 
consideration, and those made on Stations III. and IV. 
may also be ignored, since these two experiments were 
vitiated by the faulty nature of the labels employed. On 
the other hand, Experiments V., VI. and VII. may be 
considered together, since most of the fish liberated on the 
stations so numbered have apparently spread themselves 
over much the same area—the Irish Sea North of Holy- 
head, South of St. Bees Head, and East of the Isle of 
Man. Within this area about 80 plaice out of 180 have 
been recovered—a percentage of about 45. That is to say, 
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in this area fishermen have captured, in one year, about 
45 per cent. of all the plaice present on the ground which 
were over eight inches in total length. 

I think that too much may easily be made of this 
argument. It would be justifiable to make the percentage 
of marked plaice returned indicate the intensity of plaice 
fishing 2f the marked fish behave normally; 7f, when 
liberated, they spread themselves uniformly over wide 
areas. Then it may reasonably be contended that the 
proportion of marked fishes re-caught represents also the 
proportion of the unmarked fishes caught. I think 
that the marked fish behave normally, but it is the case 
that there is a certain amount of segregation in the distri- 
bution of the marked fishes. The figures indicating 
“intensity of fishing” are to be regarded only as 
approximate indications of the degree of exploitation of 
the local fishing grounds. 

On the other hand, the results of the Luce Bay and 
the Welsh experiments indicate a much less intensity of 
fishing. In Luce Bay and the adjacent waters this 1s 
accounted for by the anti-trawling legislation of the 
Scottish Fishery Board. Plaice are only caught in this 
area by lines, trammels, and other forms of fishing, which 
are very ineffective when compared with trawling. But 
in the Carnarvon Bay experiment this is not the case. 
The low proportion of fish returned, 12 per cent., is due 
only to the fact that there is very little fishing indeed in 
Carnarvon and Cardigan Bays when compared with the 
Coasts of Lancashire, Cheshire, and that part of the North 
Welsh Coast exploited by Hoylake smacks. The same is 
to be said of the other Welsh experiments, for though the 
complete year has not yet elapsed it is apparent that 
nothing like the same proportion of fish as in the case of 
the Lancashire experiments will be returned, 
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These estimates agree generally with what we know, 
from other considerations, of the intensity of fishing on 
the East side of the Irish Sea. It is well known that 
there is a very great amount of fishing on the Lancashire 
Coast proper, that the Coasts of North Wales are not 
exploited to the same extent, and that the two great 
Welsh Bays are fished to a very much less extent again. 

These estimates must be regarded as _ only 
approximate ones. It is no doubt the case that a certain 
number of the fish liberated in each experiment must die 
from injuries received during trawling which were not 
at first apparent. On the other hand, there is also no 
doubt that a certain proportion of marked plaice have 
been caught by fishing boats and have escaped notice and 
so have not been included in the above summary. 


Influence of different kinds of fishing. 


The tables give information as to the kind of vessel 
or fishing instrument by which most of the marked fishes 
were caught. This information was not always given, so 
that all the cases are not included. The figures are :— 


) No. of 

Method of fishing. | oO 

| returned. 

Ist class sailing trawlers (smacks) - ty : 66 
2nd class sailing trawlers (half-decked boats) 47 
Stake-nets a Pr Ip a oe is 25 
Steam traw lers 10 

Lines, “‘ tees,’ : traeimels, hedge- ae « draught- 

nets ”’ Jat aii a et oak 6 
Information not given fixe vat “a a 4] 
|: ae 


This table gives one a TORE idea of the relative 
importance of different methods of fishing in the area 
embraced by the experiments, It must be remembered, 
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in appraising the relative influence of sail and steam, that 
marked fish may have been overlooked especially aboard 
steam trawlers. On the other hand, it has to be 
remembered that steamers are excluded from the 
territorial, waters in which the majority of the marked fish 
were recaptured. On the whole, the figures in the table 
agree fairly with practical experience of fishing methods 
in the district. 


Rate of Growth of Plaice in the Irish Sea. 


This is very variable, as might be expected. The 
erowth of a fish depends on the amount of food present on 
the ground which it inhabits, and it is well known that 
different grounds vary greatly im this respect. The 
present experiments were not favourable for observations 
on the rate of growth. In order to study this to the 
ereatest advantage, a large number of fish would have to 
be marked and liberated before the period of the year 
when growth begins. We did, indeed, set free 566 before 
the end of March, but of these the great majority 
captured were taken before the end of July, and only a 
comparatively small number after that time. In May, 
June and July we set free 227 plaice, but few of these 
have been recaptured. Conclusions as to the general rate 
of growth based on these are not reliable. Up to the end 
of July, however, our figures afford reliable indications 
as to the growth rate. These figures are :— 


Average increase in length up to the middle of January...... 0:04 inch. 
Do. do. do. February ...0°04 _,, 
Do do do Marohs tise OR OV 3.5 
Do do do ANDI. sce she 0:2 ih 
Do do do AMIE 7 Loc eGariben Orta 5 
Do. do do Alibbatsy waMesecbe O:8bi0 3, 
Do. do. do. na cies ae 5 ae 
Do. do. do, August ...... 95m pity. 


Do, do, do, September...2°62 
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These figures will be more easily understood by 
consulting the diagram below. In this the black columns 
represent the actual increase in length of the plaice 


captured from month to month. 


unin TM AL al 


Jany - Feby-Mar- a May: i July: Aug: Sept. 


Fic. 10. Actual increase in growth of the plaice during the months 
January—September. The figures on the left hand indicate 
inches of growth, and those on the right centimetres. 


It will be seen from the chart that the growth of the 
plaice is very slight during the months January, 
February and March; practically the fish does not grow 
at all during this period. Then from April to September 
the growth is very rapid, and it is only during this season 
of the year that growth really takes place. By the end 
of September the average increase in length of the fishes 
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liberated before the end of March was about 22 inches. 
I think, however, this number is too low. If we consider 
also the fishes liberated during the summer, and inciude 
them in the calculation of the growth rate, we get a 
curve which, however, is not represented in the diagram. 
This indicates that by the end of September the average 
increase in growth was just over three inches; and, 
moreover, the slope of the curve indicates that in 
September the fishes were not growing nearly so fast as 
in the two preceding months. 

In a few cases exceptionally large increases in length 
have been observed. One fish, set free on the Mersey 
Deposit Ground on 12th November, 1904, and 
recaptured by a Hoylake smack off Great Orme’s Head on 
3rd December, 1905, about 124 months afterwards, had 
grown 51 inches. Perhaps a more _ extraordinary 
instance, however, is that of a plaice set free near the 
Liverpool Bar Lightship on 6th July, 1905, and 
recaptured by a second-class trawler on 23rd September, 
1905, only a mile or two from the place where it was 
liberated. In 11 weeks this fish had added 4 inches to its 


stature. These, however, are quite exceptional cases. 


The ‘“ Homing-theory.” 


It was suggested to me by A. Scott that the facts of 
Experiment X. lend some support to the theory (which 
has been more favoured in relation to fresh water than 
sea fish) that fishes tend to return to the places from 
which they are taken. At first sight this is very plausible. 
It is true that 17, or about 25 per cent., of the fishes 
caught in Barrow Channel and taken out to the 
Morecambe Bay Lightship returned again to Barrow 
Channel; and if we consider only the fishes which were 
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reported during the first eight weeks the supposition is 
still more plausible. Again, of the plaice caught in Red 
Whart Bay and liberated off Puffin Island and Gt. Orme 
Head, a fair number did go back into the Bay. But I 
think that the theory (which is a prior? improbable) is 
discounted by the other migrations observed. Thus the 
Newcome Knoll fish, which were caught in Red Wharf 
Bay, scattered everywhere, when they might more easily 
have returned into the Bay, and the Blackpool fish also 
caught in Red Wharf Bay went North, for the most part. 
It is more likely that there was a migration already in 
existence, in each of the cases of apparent “ homing,” 
into the areas into which the ‘‘ homers” travelled, and 
that these simply obeyed the impulses which led to this 
migration. 


Fish caught in intra- and extra- territorial waters. 


It will be obvious from a glance at the charts that the 
greater number of fish returned have migrated along the 
shallow waters within the territorial limits. The line 
defining the seaward limit of the Lancashire and Western 
Sea Fishery District is indicated roughly on the charts, 
and it will be seen that, of the fish returned, the place of 
capture of which could be defined without doubt, by far 
the greater number have been caught within the 
territorial waters. Of 173 fish, the places of recapture of 
which are marked in the charts, 124 or over 71 per cent. 
were caught within the district, and 49 or over 28 per 
cent. were caught outside the limits of the latter. It must 
be remembered that some marked fish recaught by steam 
trawlers may have escaped identification, but I have 
reasons for concluding that comparatively few have been 
allowed to escape notice. It is also to be borne in mind 
that there is more fishing along the coast and within the 
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territorial waters than on the offshore grounds, and that 
there is a greater chance that a fish will be recaptured in 
the former area. However, it seems most probable that 
the migrations made by the majority of marketable plaice 
on this side of the Irish Sea are mainly along shore and 
in territorial waters. 


Influence of size on migration paths. 


Nevertheless a fair proportion have been recaptured 
from places well outside the territorial waters, and in 
some cases at considerable distances from the place of 
liberation. If the sizes of these fish be compared with 
those caught in the territorial waters, it will be seen that 
the sizes of those taken outside are usually greater than 
those caught inside the district. But the difference is not 
very striking, and is to be seen only when considering 
averages. The fish dealt with in these experiments have 
for the most part ranged from 8 to 12 inches in length, 
and though the very smallest of these do not migrate to a 
marked extent, nevertheless it is difficult to draw any 
distinction between plaice of different sizes within the 
limits indicated above. Other influences—the season, 
abundance of food, &c., operate more powerfully than the 
exact age of the fish. 


General conclusions. 


The experiments here described have so far been 
made on too small a scale to yield conclusions of a high 
degree of probability, and it is advisable that they be 
repeated on a larger scale before any inferences of a 
practical nature be made from their results. 

The value of these conclusions obviously depends on 
whether or not a marked plaice behaves normally, that 1s, 
like an unmarked healthy plaice. Fishermen express two 
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views: (1) that the marking stimulates the fish to travel 
further than it would otherwise have done; and (2) that 
the marking makes them sluggish. I do not think that 
either of these views 1s correct; they are, indeed, only the 
usual kind of conjectures made by fishermen with regard 
to matters outside their experience. Nearly everything 
we have seen of the behaviour of marked plaice indicates 
that they behave normally. Marked plaice have never 
been caught by themselves. Where they have been 
caught in unusnal numbers there have also been large 
catches of unmarked plaice made. In the case of 
Experiment XIV., for imstance, an unusually large 
number of marked plaice were returned, and all, with one 
exception, from the locality where they were originally 
caught. But during all this time plaice were very abun- 
dant here and large catches were made by the fishing 
boats. The marked plaice, in fact, behaved just as the 
other fishes on this ground did. 

Again, it is not uncommon to catch perfectly healthy 
plaice and other flat fishes which have suffered mutilation. 
I may also instance the case of a marked plaice re-caught 
a few weeks ago in Luce Bay, after 15 months from the 
date of liberation. This fish was in excellent condition, 
and the wound made by the mark had not become greater 
than at first. The fish had grown 3% inches. 

In the meantime one may summarise the results as 
follows : — 

1. The number of fish returned depends on the 
intensity of fishing in the area into which the fish have — 
migrated, and gives a measure of the latter. Thus of the 
fish liberated on the Lancashire Stations, where fishing 
is actively carried ‘on, from 25 to 50 per cent. have been 
returned within the year following lberation; while on 
the Welsh Stations, where there is very little fishing, the 
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highest percentage recovered was 25, and in three of the 
experiments no fish whatever have been sent back. 

2. The average percentage of marked plaice 
returned from all the experiments is 23:2. This may be 
regarded as indicating the extent to which fishing goes 
on on the Kast side of the Irish Sea. It suggests 
about 25 per cent. of the plaice present on the fishing 
grounds at any time will be caught by fishermen before 
the expiry of one complete year. 

3. The majority of the fish returned have been 
recaught by smacks. But it must be remembered that it 
is more likely that marked fishes would escape recognition 
if taken by a steam trawler. 

4. he increase in size of the fishes recaught agrees 
well with previous estimates. Roughly speaking, this 
may be put down at three inches in the year; that is, for 
plaice between eight and 15 inches in length. This 
increase in growth takes place almost exclusively during 
the months May to September. During the other months 
of the year plaice do not grow at all. 

The increase in weight is, of course, much more rapid 
than that in length. The weight of plaice of eight inches 
in length varies from 75 to 90 grams (from three to four 
ounces), while that of a plaice 11 to 11} inches long may 
vary from -240 to 280 grams (94 to 114 ounces). That is, 
a plaice which in April is only one quarter of a pound in 
weight will, if allowed to remain in the sea, attain a 
weight of from one-half to three-quarters of a pound by 
the end of the following September. Marked plaice shew 
much the same relationships of weight and length as 
unmarked fishes. 

9. Migration paths can, so far, only be roughly 
determined, and many more experiments will have to be 
made before the main facts of fish migration can be 
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rendered clear. In the meantime, the main migrations 
made by plaice on the Lancashire and Welsh Coasts 
during the winter are along the shore and within the 
territorial waters; the estuaries and bays are greatly 
frequented by the fish. We have observed a ‘general 
Northerly tendency during the winter. In the summer, 
while the along-shore migration, within the territorial 
waters, still continues to some extent, an offshore and 
Southerly migration has been noticed. ‘There are, of 
course, many exceptions to these general tendencies. Fish 
liberated within the waters of Liverpool Bay remain there 
for the most part. Only in two cases have fish liberated 
on the West Coast of England crossed the Irish Channel. 
Only three cases are recorded, so far, of fishes which have 
migrated out of the Irish Sea, and all of these are, most 
probably, fish which were set free in Luce Bay. 


EXPLANATION OF THE CHARTS. 


Puate XIV. 
Shews the results of Experiments VV. Vinee 


(Pram: XeVe 
Results of Experiments I.-IIL., 1V., VII.-VIIL., 
Xi RY 


In all cases the large circles indicate the positions 
of the “stations” on which the marked fishes were 
liberated. Each of the smaller circles indicates the 
position where a marked fish has been re-caught. 
Obviously these latter positions can only be represented 
approximately on the charts. The figures mside the small 
circles represent the numbers of months (4-weekly periods) 
between liberation and recapture. 
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INTERNAL PARASITES AND DISEASED 
CONDITIONS OF FISHES. 


By Jas. JOHNSTONE. 


CESTODA. 

TREMATODA. 

FUNGI. 

TUMOUR FROM SKIN OF DAB. 


m~ wo nD 


I am describing here a small collection of cestodes 
and trematodes made last summer from trawl fish caught 
by the s.s. “John Fell.” As a rule the species collected 
were taken from skates and rays. The usual method of 
collection was to take the whole gut from the fish to be 
examined and place it in a dissecting dish containing 
fresh water. The gut was then slit up longitudinally and 
examined bit by bit. Ina short time the fresh water 
causes the worms to relax and they can then be detached 
from the intestinal wall without injury to suckers or 
hooks. If they are kept in fresh water for about a 
quarter of an hour complete relaxation takes place before 
death, and in the case of cestodes bothria are expanded, 
while with trematodes the animals die without any trace 
of wrinkling. In the case of the latter animals it is 
always necessary to make stained preparations in order to 
determine the species and this is greatly facilitated by 
gently pressing the worm, while alive, between a slide 
and cover glass, or between two slides, according to its 
size. The whole is then put into a flat dish containing 
fresh water and in a short time the animal dies in a 
beautifully flat and thin condition. I have found that 
about 5 per cent. formalin makes the best general preserva- 
tive for cestodes if it is desired to display the animals in 
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as natural a condition as possible, or to make general 
stained preparations of the proglottides. Before pre- 
serving it is, however, desirable to rinse the animal very 
gently in fresh water in order to get rid of the mucus and 
chyle with which it is surrounded. In the case of many 
species the strobila generally comes to pieces on being 
preserved and if the whole organism is to be studied it is 
necessary to preserve such worms, each in a separate tube. 


I. CESTODA. 
BoTHRIOCEPHALID. 


Bothriocephalus (=Dibothrium) punctatus, Radel nee 
Fig. 11. 


Hosts: Rhombus maazimus and RK. laevis; at all 
stations. 


Every turbot and brill examined has so far proved 
to be the host of one or more of this cestode. Generally 
the brill harbours only two or three worms, but in the 
case of the turbot the number is much greater. One 
turbot 304 inches in length, caught in Luce Bay in 
October, 1905, was greatly infested, and I counted over 
60 Debothria in the gut exclusive of several which had 
become detached. All were attached to the walls of the 
pyloric ceca. 

Two distinct varieties of Dibothrium punctatus. are to 
be noticed (see fig. 11, A and B), and it is hard to resist 
the impression that we are dealing here with two distinct 
species. The general morphology of the scolex and 
proglottides is, however, so similar in both cases that it 
is probable that we have to deal with varieties only, or 
at most physiological species, the difference being due 
to the different habitat. The differences between the two 
cestodes are (1) the length and thickness of the head and 


SEA-FISHERIES LABORATORY. 297 


> 7 = OF ET Dy) > © : 
the succeeding proglottides; and (2) the general appear- 
ance of the strobila on preservation. In the case of the 
two specimens figured the measurements are : — 


A (from the turbot)— 
Length of head: 3°5 mm. ; 
Length of strobila: 49 cm.; 
Width of strobila at the widest part: 4 mm. 


Fic. 11, Bothriocephalus punctatus, Rudolphi. A: from the turbot ; 
B: from the brill. Mag. 22 dia. 


B (from the brill) — 
Length of head: 2°3 mm. ; 
Length of strobila: 69 em. ; 
Width of strobila at the widest part: 6 mm. 
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On preservation by killing in water and pickling in five 
per cent. formalin, the whole strobila is more transparent 
and thinner in the turbot than in the brill, and in the 
latter case the edges of the proglottides are very usually 
more or less crenulated. These differences are very 
obvious and are generally constant. The smaller head 
of the cestode from the brill is, in particular, a very 
striking point of difference. 


TETRAPHYLLIDEA. 
ONCOBOTHRIID2. 
Oncobothrium uncinatum, Rud. (Figs. 12). 


Hosts: Raia maculata and R. microcellata, Cardigan 
Bay; and &. clavata, Bahama Bank. 


Ee € 

Fia. 12. Oncobothriwn wneinatum, Rudolphi. A: the scolex 
seen from above, mag. 32 dia.; B: the scolex seen from the side, 
mag. 21 dia.; C: hooks. 


This species has been recorded by van Beneden from 
the coasts of Belgium as a parasite of Raia clavata, and 
Trygon pastinaca, while Linton records it from the 
Wood’s Hole region from Trygon centrura. According to 
ran Beneden it is very rare. I have obtained five 


specimens altogether. 
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The measurements of the largest of these are :-— 
Greatest diameter of head: 1:75 mm.; 
Total length of strobila: 10:7 cm. ; 
Width of widest proglottis: 3 mm. ; 
Length of widest proglottis: 1°77 mm. ; 
but this worm is obviously incomplete. 

The shape of the head is very characteristic of this 
species but identification is made practically certain if the 
top of the scolex be shaved oft and cleared so as to display 
the hooks. There is one pair of these on the margin of 
each bothrium and the two hooks of the pair are connected 
together at their bases. 

Fig. 12 shows the scolex from the side and the same 
seen from the top. 


Acanthobothrium coronatum, Rudolphi—Fig. 18. 


Hosts: Maza clavata, Carnarvon Bay, and R. bates, 
off-shore grounds. | 

Most of the specimens of this worm were very small, 
measuring from 5 mm. to 20 mm. One, however, was 
much larger, and I give the principal measurements as 
taken from this specimen. 


Length of head: 1:18 mm.; 

Greatest diameter of head: 1:16 mm. ; 

Length of head and neck: 35°5 mm.; 

Diameter of hook apparatus at the apices: 
0°24 mm. 

This species is easily recognised by the general shape 
of the head and the presence of the three large accessory 
suckers above each bothrium. ‘These accessory suckers 
are not easily observed in such a view of the head as 1s 
represented in fig. 13, but if the latter is propped up in 
a watch-glass so that one may look down on it from above 
their disposition can easily be seen. 
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P. J. van Beneden in diagnosing the genus says: 
“The four bothria are each armed with two hooks, united 
at their bases and bifurcated at the apices.” I have not 
been able to see this union of the hooks. The extremities 
(fig. 13) are closely apposed and one seems to fit into the 


_ een 


Fic. 13.  Acanthobothriwm coronatum, van Ben. Scolex mag. 22 
dia., hooks mag. 200 dia. 


other, forming a kind of ball and socket joint. There is 
apparently no fusion of the substance of these structures. 


Calliobothrium verticillatum, Rudolphi.—Figs. 14. 
Host: Galeus vulgaris, Cardigan Bay. 


P. J. van Beneden recorded this species from Galeus 
canis, Mustelus vulgaris, and Sguatina angelus; while 
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Linton found it in Mustelus canis i the Wood’s Hole 
region. 

This cestode is very small and not easily seen among 
the mass of food debris usually filling up the spiral valve 
of the hosts. In the part of the strobila following the 
scolex the diameter is often no greater than that of a 
human hair. The following measurements apply to the 
largest of four specimens found in the two fishes 
mentioned above : — 


Length of head: 0°34 mm. ; 

Greatest diameter of head: 0°32 mm.; 

Length of hooks: 0:095 mm. ; 

Width of proglottides immediately succeeding 
head: 0°085 mm. ; 

Width of proglottides about anterior third of 
strobila: 0:16 mm.; 

Width of proglottides about midway between 
head and extremity of strobila: 0:19 mm.: 

Width of proglottides about posterior third of 
strobila: 0°2 mm.; 

Total length of strobila: 50 mm. 


In spite of its extreme tenuity this worm is easily 
recognized by the peculiar modification in shape of the 
proglottides, and by the characters of the head. Hach 
bothrium is divided by two transverse costz so as to form 
three loculi, of which the most anterior is the largest. The 
coste are situated rather far back so that the two posterior 
loculi are very small. Fig. 14 is a view of the head 
showing one of the bothria in face, but when the head is 
rotated through 45° so that two bothria only are seen, and 
these in profile, the latter are then seen to project very 
considerably, giving the animal a most characteristic 
appearance. At the summit of each bothrium there are 
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three accessory suckers, the margins of which I have 
represented as seen from the side. These are, however, 
very inconspicuous, and their existence would hardly be 
suspected except on very careful study of the specimen. 


Fia. 14. Calliobothriwum verticillatwm, Rudolphi. Mag. 132 dia. 
hooks mag. 366 dia. 

I have not seen them so distinctly shewn as is represented - 

in van Beneden’s fig. 3, pl. XII.* The hooks are very 

characteristic of the species. There are two pairs on the 

lateral and anterior margins of each bothrium, and each 


** ¢¢ Vers Cestoides.’’ 
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pair is united at the bases. | They project considerably 
from the margin of the head and are very conspicuous. 
The shapes of the proglottides vary from region to 
region of the strobila and give the worm a unique appear- 
ance. There is no neck and the proglottides immediately 
posterior to the head are each provided with four laciniate 
lobes or lappets. A section of the worm is given in fig. 14 
A, and shows the situation of these lobes. A little way 
further back (fig. 14 B) an additional rounded lobe appears 
at the middle of the posterior margin of each proglottis, 
and these median lobes characterise the region of the 
strobila about one-third of the distance between head and 
extremity. Further back than this (fig. 14 C) this 
median lobe sub-divides into two, and further back yet 
these subsidiary lobes disappear and the posterior margin 
of the proglottides shew only a blunt rounded prominence 
at each lateral and posterior corner. Towards the posterior 
extremity of the strobila the proglottides lengthen out 
greatly until they are about thrice as long as they are 
broad, and the terminal proglottis is always pointed. 
The whole strobila withstands preservation in formalin 
very well and does not break up on immersion in this 


fluid. 


PHYLLOBOTHRIID. 
Phyllobothrium lactuca, van Beneden.—Fig. 15. 


Hosts: Raia clavata, Carnarvon Bay; R. circularis, 
Beaumaris Bay; J?. batis, off-shore grounds. 


This worm, which is usually very commonly present 
in the intestines of various rays, is easily recognised by 
the extraordinary shape of the head and by the appearance 
and length of the strobila. P. J. van Beneden’s figure of 
this species in the “ Recherches sur les vers Cestoides ”’ 
(also in Bronn, Taf. XLI., fig. 10), is drawn from a 
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specimen in which the bothria have undergone extreme 


contraction and the head has assumed a spherical appear- 


ance, presenting very little indication of the true shape of 


Fic. 15. Phyllobothrium lactuca, van Ben. Scolex seen from beneath. 
Mag. 18 dia. 


the bothria. Fig. 15 is drawn from a specimen which 
was killed in fresh water and shows the bothria fully 


expanded. The head is seen from underneath, being bent. 


over at right angles to the longitudinal axis of the 


strobila; and fig. 16 is a view of the same scolex seen 


SEA-FISHERIES LABORATORY. 305 


from the top. There are four bothria present, though it 
is usually very difficult to observe the boundaries of each. 
The edges of these organs are deeply wrinkled and 
- erenulated. Even when a number of these cestodes are 
killed in the same manner, the form of the scolices is often 
extremely variable. The term “ lettuce-like,” however, 
describes the general appearance very well. 
The measurements of the specimen figured are : — 
Greatest diameter of head: 3°5 mm.; 
_ Length of strobila: 183 mm.; 
Least width of proglottides (just behind the 
neck): 0°6 mm. 
Greatest width of proglottides: 2 mm.; 
Greatest length of a proglottis: 1°75 mm. 
The terminal proglottis is always the longest: it 
generally tapers to a blunted posterior point. 


Phyllobothrium thridax, van Beneden.—Fig. 17. 


Hosts: Raia clavata, Carnarvon Bay and Bahama 


Bank. 


I refer a number of smaller cestodes to this species 
‘principally because of the difference in the general 
appearance of the scolex and strobila. Neither in 

_ Ph. lactuca nor in Ph. thridaz is there any myzorhynchus, 
and I have been unable to discover any trace of accessory 
suckers in the former species. In the worms identified 
as Ph. thridaz there are, however, small accessory suckers 
on the anterior borders of the bothria as shewn in van 
Beneden’s fig. 4, pl. 5 (“ Vers Cestoides ’’). The appearance 
of the bothria is very variable, but there is never the 
highly complex folding which is to be observed in the 
scolex of Ph. lactuca: the bothria can generally be seen 
to be four in number, with comparatively simple outlines. 
The strobile in the specimens obtained were always 

Ww 
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shorter and more delicate in appearance than in the case 
of Ph. lactuca. In the median proglottides the irregular 
alternating position of the penes on the margins of the 
segments can usually be made out. 


The measurements of the specimen figured are : — 


Greatest diameter of head: 2:0 mm.; 
Length of strobila: 36 mm.; 
Greatest width of a proglottis: 1-6 mm. 


BiG. Phyllobothriwm thridax. Mag. 40 dia. 


Crossobothrium laciniatum, Linton.—Fig. 18. 
Host: Raia batis, off-shore grounds. 


The genus Crossobothrium was founded by Linton* 
for the reception of a species having the following 
characters: “ Body articulated, slender, flattened, sub- 
quadrate; neck short or none; bothria four, opposite, 
pedicelled, unarmed, each provided with one auxiliary 
acetabulum on the anterior border; faces of the bothria 
with a raised rim or border, which becomes more or less 


** Commissioner’s Rept. U.S. Commission of Fish and Fisheries, 
part xiv., Washington, 1889. Pp. 470-4, Pl. 3, figs. 4-18, 
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free, cut, or frilled as the worm grows weak, or when 
placed in fresh water or alcohol.” 

From this diagnosis it appears that Crossobothrium 
is closely related to Phyllobothriwm, and indeed the 
cestode figured here resembles greatly Ph. thridaz. The 


Rostellum 


mt me ew eee 


J 
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Fic. 18. Orossobothriwm laciniatum, Linton. Scolex seen from above. 
Mag. 100 dia. 


differences, however which Linton emphasises as consti- 
tuting the distinctive features of the genus are (1) the 
bothria pedicelled here, instead of being sessile as in 
Phyllobothriwm, and (2) the absence of a distinct neck. 

I refer a worm obtained from the large intestine 
of Raia batis very doubtfully to this species. ‘The 
specimen is indeed very different in appearance from 
Ph. thridaz, but in dealing with such highly variable 
structures as the bothria of these cestodes too much 
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caution can hardly be exercised. In this specimen the 
bothria are placed on short but distinct pedicels round 
a large dome-shaped myzorhynchus. On looking down 
on the latter structure from above, the insertion of the 
bothria is well seen. The outlines of the latter structures 
are fairly simple. Each is bounded by a raised rim or 
border, which is most prominent on the anterior margins. 
This rim is very slightly cut into or folded. The bothria 
are set exactly opposite to each other. On the anterior 
margin of each, and, as seen from above, apparently lying 
on the myzorhynchus, is a large accessory sucker, or 
acetabulum. Anteriorly this acetabulum has a thickened 
rim: posteriorly this rim appears to be much thinner. 

The single specimen obtained by me is a very young 
one, and it apparently possesses a distinct neck, thus 
differing in what appears to be an essential feature from 
the worm described by Linton. But the age of the 
specimen probably accounts for this difference. Linton’s 
fig. 17 represents a young stage of Crossobothriwm 
laciniatum, and in this specimen there is a distinct neck : 
that is, segmentation does not begin immediately behind 
the head as in mature worms, but at some little distance 
posteriorly. 

I conclude then that this specimen is probably 
Linton’s species, but may possibly be only a young stage 
of Phyllobothrium thridax, in which the preservation has | 
influenced the form of the bothria so as to give the worm 
an appearance different from the typical one. 

The measurements are :— 


Diameter of head: 0°79 mm.; 

Greatest width of strobila: 0°19 mm.; 

Length of strobila: 8 mm. ; 

Greatest diameter of accessory suckers: 0°13 mm, 


SEA-FISHERIES LABORATORY. 309 


Echeneibothrium variabile, van Beneden.—Figs. 19, A, B. 

Hosts: Rava clavata, Carnarvon Bay, Duddon Banks, 
Bahama Bank, and off-shore grounds; £&. bates, off-shore 
srounds; Galeus vulgaris, New Quay. This is, perhaps, 
the commonest and most widely distributed cestode 
obtained during the past year. 

The genus Lcheneibothruwm was founded by van 
Beneden to receive cestodes with the following charac- 
ters: —The four bothria of the scolex carried each on a 
Jong and protractile pedicel; bothria extraordinarily 
variable in form; each distinguished by regular trans- 
verse folds along the entire length of the bothrium. 

These folds resemble the transverse lamelle of the 
adhesive sucking organ of the fish Hchenews, a resemblance 
which suggested the generic name. 

The most striking character of this species is its 
astonishing variability. Figs. 19 A, B represent the two 
most common varieties which I have observed. All these 
cestodes were preserved in the same way: that is, they 
were killed by immersion in fresh water for about a 
quarter of an hour, and then put into 4 per cent. formalin. 
The difference in the characters of both bothria and 
myzorhynchus is such as almost to lead one to suspect 
that the worms belonged to different species. 

Variety A (Fig. 19 A) best answers to the 
characters given by van Keneden in his original diagnosis 
of the species. In these worms the myzorhynchus is 
long and slender and is provided with a small accessory 
sucker at its tip. In the figure it is almost concealed, 
owing to the necessity of so arranging the scolex as to 
get a good view of the most characteristic bothria. Hach 
of the latter structures is thin and leaf-like, but the 
posterior extremities are rolled up and present a 
characteristic notching of the edges and backs. The 
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lamellar structure of the bothria is not shown well either 
in this or in any other specimen of the species that I have 
seen. Instead one finds that the face of each bothria is 
divided up into a number of separate loculi by means of 
one axial, and several transverse ridges. Only at the 
tip of one of the bothria are the transverse ridges con- 
tinued across the whole face of the former. Five or six 
loculi on each side may be counted and there are also 
several in the broader, posterior, rolled-up part of the 
bothrium, but the number and shape of these latter 
cannot easily be seen. 


gee 
= SM 


Fic. 19. Hcheneibothrium variabile, van Beneden. Varieties A and 
B. Mag. about 40 dia. 
Variety B. 

This variety, which is represented in fig. 19 B was a 
very common one. ‘The myzorhynchus is always more 
rounded and club-like than in Var. A, and I have not 
observed any indications of a sucker at its tip. The 
bothria are thin and leaf-like, and are borne on compara- 
tively long pedicels; their anterior extremities are more 
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tapering than in Var. A. As in the former case their 
posterior edges are rolled up and notched at the margins 
and backs. Each bothrium bears from seven to nine 
separate loculi which was distributed much as in Var. A. 
A central, and four transverse ridges divide up the face 
so as to form four loculi on each margin of the bothrium. 
One loculus is nearly always apical, as shewn in the 
figure. At the posterior edge two strong ridges, running 
out radially, separate the face of the bothrium into three 
cup-shaped loculi. 

Seen from the side, as in the case of the bothrium at 
the top left-hand of fig. 19 B, each of the latter structures 
presents a very characteristic appearance when seen in 
profile. 

Variety C. 

The cestodes identified as Var. C of Heh. variabtle 
differ so much from those already described that I hesitate 
to place them in this species. But it is more probable 
that they are only an extreme variety of the species than 
that they are specifically distinct from the worms figured 
as Vars. Aand B. ‘The appearance of the strobila is very 
like that of the others, and the anatomy of the proglot- 
tides, so far as studied, is not different. The scolex 
(fig. 20) is at first sight most dissimilar. The myzo- 
rhynchus is very large, and is either tabular or flatly 
dome-shaped. Its outline as seen from above is some- 
times (as in the figure) roughly quadrangular with 
rounded angles, but more often it is circular. At times 
radial lines may be seen which appear to be folds dividing 
the upper surface of the structure into separate compart- 
ments. ‘The bothria are placed on very short pedicels, 
or may be almost sessile. Hach is small compared with 
those in Vars. A and B._ It may be derived from such 
a bothrium as is shown in Var. B, by the complete rolling 
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up of the anterior tips. The posterior margin shows the 
characteristic notching of the edge and back, and the 
division of the face into the three deep cup-like loculi by 
two radial ridges. | 

P. J. van Beneden’s figs..3 and 9, pl. IIL, “ Vers 
Cestoides,” represent much the same condition as is 
represented in Var. A. Fig. 2, pl. III. of the same book 
shows the condition of Var. B. Variety C has been 


Fic. 20. Echeneibothrium variabile, van Ben. Var. C. Mag. 40 dia. 


figured by Olsson,* whose fig. 15 is very similar to fig. 20. 
The variety is there described as “ Forma singularis 
floribus Rosarum similis.” 

Such ‘varieties’? as are spoken of here are to be 
regarded as conditions produced by the manner in which 


the animal has died. The effect of the killing in fresh 


** Entozoa iakttagna hos skandinaviska hafsfiska. Acta Univ. 
Lundensis. Lunds. Univ. Aarskrift for 1866. Lund. 1866-7. 
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water, and perhaps also the subsequent preservation, must 
depend, to some extent at least, on the condition of 
nutrition of the worm before death, and this would be 
greatly influenced by the condition of the host, and, 
perhaps, also by the nature of the material on which the 
latter had been feeding. 


Echeneibothrium, sp.—Fig. 21. 


A single specimen of a cestode belonging apparently 
to the above genus was taken from the large intestine of 


a Raza batis caught off the Calf of Man in July, 1905. 


Hic. 21. Echeneibothrium sp. A: the scolex from the side; B: a 
single bothrium seen from the sucking face. Mag. about 40 dia. 


I at first identified it as Heh. dubiwm van Beneden, but 
a more careful examination showed that it could not be 
this species. In Kch. dubium there are only about a 
score of proglottides and the last one is about one-third 
the total length of the strobila. In the worm described 
here the characters of the strobila and proglottides are 
rather those of Lch. variabile, to which species indeed the 
specimen probably belongs. 
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Fig. 21 is a general view of the scolex. The myzo- 
rhynchus is very long and slender and bears at its tip a 
“cephalic bulb.” The four bothria are each borne on a 
long and highly mobile pedicel. In the figure one of 
the bothria is seen from above, and close to it, on the right 
hand, is one seen from the side; fig. 21 B is a view of one 
bothrium seen from above and should be compared with 
the right hand bothrium in fig. 21 A. The structure appears 
to be a kind of hollow bulb with a triangular opening on 
the top. Round this opening, but at some distance 
from its margin, is a raised rim from which a series of 
five or six radial ridges pass inwards towards the large 
central opening. 

In this specimen the latter portion of the strobila 
is missing, and the characters of the proglottides actually 
present are of little value for the purposes of identification. 


Anthobothrium auriculatum, Rudolphi.—PI. xvi., Figs. 1, 2. 


Four specimens of a cestode were obtained in 1908, 
which appear to be identical with the cestode described as 
above. ‘wo of the specimens were obtained from Raia 
clavata caught on Duddon Banks, but I have no record 
of the host of the other two worms. 


The measurements of the worm figured are : — 
Greatest diameter of the head: 3 mm.; 
Greatest diameter of one bothrium: 1°3 mm.; 
Least diameter of one bothrium: 1 mm.; 
Length of strobila: 86 mm.; 

Width of proglottides behind the head: 


0°48 mm. ; 


Length of proglottides behind the head: 


0:04 mm.; 
Width of terminal proglottis: 2 mm.; 
Length of terminal proglottis: 2°5 mm.; 
Diameter of largest ovum: 0°043 x 0'040 mm. 
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mer Scolex. 

Fig. 2 is a view of the scolex with the bothria turned 
to one side so as to expose their sucking faces. The 
myzorhynchus is very short and bears no terminal sucker. 
In all the specimens it is a mere protuberance on the 
anterior surface of the head. The bothria are four in 
number, arranged in a cruciform manner, carried on short 
but very evident pedicels. Hach bothrium is oval in 
shape, and their longest diameters are at right angles to 
the axes of the pedicels. The sucking face of a bothrium 
is surrounded by a strong rim or tip which is indented at 
two places on each margin, and adjoining these indented 
parts of the rim there are two transverse septa which 
divide each bothrium up into three separate loculi. The 
cavities of these loculi are very deep. 

The Neck. 

This is very short. Segmentation almost immediately 
follows the part where the pedicels are inserted. The 
average distance apart of the segments is about 004 mm., 
and the edge of the strobila is thus finely and regularly 
serrated. | 
Mmaabomy of the progliottis: Fig. 1, Pl. XVI. 

This corresponds very well with that of <Antho- 
bothrium auriculatum (Rudolphi), as described by 
Zschokke.* ‘The chief difference is the position of the 
genital cloaca, which in my specimen is slightly further 
from the posterior margins of the proglottis than in 
Zschokke’s figures. ‘These openings alternate from side 
to side of the strobila in a very irregular fashion. ‘The 
single genital cloaca contains both male and female 
orifices. The cirrus sac is oval in shape. ‘The vas 


* See Zschokke, Recherches Structure Anat. et Histol. des 
Cestodes. Geneve, 1888; p.p. 261 ex. seq. Pl. vii., Figs. 106-107. 
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deferens is greatly convoluted. The vagina is a nearly 
straight tube running transversely across the proglottis, 
near the posterior margin. ‘The ovary is confined also to. 
this posterior part of the segment, and consists of two 
lateral lobulated masses. The uterus appears to be a 
greatly convoluted tube, but the walls of this where in 
contact with each other appear to have broken down so 
that the organ is a large sac, occupying the middle of the 
proglottis. In the ripest segments the uterus, densely 
packed with eggs, occupies almost the whole volume of 
the proglottis, and only traces of the other organs can be 
seen at its periphery. 

The testes are situated on either side of the uterus as 
two irregular bands. Immediately external to the testes 
are the vitellaria, which consist of small densely packed 
glands. 

The anatomy of the proglottides in the specimens 
described here corresponds fairly well with that of A. 
auriculatum. ‘The identification of my specimens with 
this cestode is, however rendered rather doubtful by 
some characters in the scolex. Anthobothrvwm appears to 
possess bothria which are unilocular, that is, are 
undivided by internal septa. But in the specimen figured 
here there are certainly two transverse septa, not, how- 
ever, very conspicuous, and these cross each bothrium, 
dividing the cavity of the latter into three. This appears 
to be a character which hardly warrants the identification 
with the genus Anthobothrium. ‘These cestodes are, 
however, so very mobile in life, that one must suppose 
that the exact shape of the scolex after death and pre- 
servation is due to the nature of the contraction, and that 
the precise form assumed may be very variable. 
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TRYPANORHYNCHA. 
Tetrarhynchus erinaceus, van Beneden.—Fig. 22. 


Hosts: Rava clavata, R. maculata, R. circularis, 
R. microcellata and R. batis. 


Intermediate hosts: Pleuronectes platessa, Trigla 
spp., Gadus morrhua, G. aeglefinus and Merluccius 
vulgaris. 


Fic. 22. Part of a proboscis of Tetrarhynchus erinaceus. 
Mag. about 440 dia. 


This is one of the commonest tapeworms of Irish Sea 
fishes; it enjoys a very wide distribution both in its adult 
and pleurocercoid stages. 7’. ervnaceus is always easily 
recognised by the extraordinary hooks. Fig. 22 is a 
view of a proboscis and shews the arrangement of the 
hooks on one side of the organ. ‘The larger curved hooks, 
three of which can always be seen on one side, are about 
0°05 mm. in length. Along one side of the proboscis is 
a series of long, comparatively straight hooks which are 
about 0°034 mm. long. The other hooks are short, 
straight or slightly curved and their average length 
is about 0°013 mm. 
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The other characters of the cestode need no descrip- 
tion, as a glance at an everted proboscis is sufficient to 
distinguish the species. 


Tetrarhynchus tetrabothrius, van Beneden. 


Hosts: Raza clavata and Acanthias vulgaris. 


This cestode can generally be distinguished by the 
presence of the four ear-shaped bothria and by the shape 
and arrangement of the hooks. On one side of the 
proboscis seven hooks can generally be seen. They are 
about 0°017 mm. in length, have expanded bases and 
sharply recurved apices. 


II.—TREMATODA. 
Distomum appendiculatum, Rudolphi. 


Hosts: Pleuronectes platessa, Pl. limanda, New 
Brighton shore. 


In the summer of 1904 Mr. G. Eccles procured for 
me a large number of small flukes 4in. to lin. long from 
-the sandpools on the New Brighton shore. These were 
dissected by the fishermen attending the classes at Piel, in 
order to see the characteristic method of feeding on 
copepoda adopted by small pleuronectid fishes of this size. 
In quite a number of these tiny fishes a small appendicu- 
late Distome was found which is ). appendiculatum. This 
trematode is probably far more widely distributed than 
any other endo-parasitic member of the group. 

P. Olsson (loc. c2t.) gives the following list of fishes in 


which the species is found :— 


Cottus scorpio, Clupea harengus, 
Salmo salar, C. spratta, 
S. fario, Gadus morrhua, 


Corregonus oxyrhynchus, G. minutus, 


———————————— 
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G. virens, Molva vulgaris, 

G. melanostomus, Pleuronectes limandoides, 
G. merlangus, Rhombus laevis, 

G. pollachius, Hippoglossus maximus, 


Murena anguilla. 


This extensive list of hosts indicates that the immature 
form of the worm is to be found in some animal or animals 
which are very widely distributed, and Pratt* has 
described an immature trematode from copepods which 
is most probably the young of 1). appendiculatum. In 
the small flat fish referred to in the present paper, 
copepods principally were found in nearly every specimen 
examined. 


Distomum gulosum, Linton.|—Fig. 23 C. 
Host: Mackerel, off Walney Island, July, 1905. 


About half-a-dozen specimens of an appendiculate 
Distome were found by A. Scott in a mackerel dissected by 
him, and I refer these worms to the species described by 
Linton as DP. gulosum, from the Butterfish, Rhombus 
triacanthus, of the Wood’s Hole region. The principal 
characters made use of by Linton in his diagrosis are 
(1) the relative sizes of the oral and ventral suckers, and 
(2) the tubular form of the vitellaria. 

The measurements of the specimens figured here 
are :— 


Length: 10 mm.; 

Diameter at ventral sucker: 1'1 mm.; 

Diameter of oral sucker (transverse): 0°6 mm.; 

Diameter of ventral sucker (transverse) : 
0°5 mm.; 


* Zool. Jahrb., xi., 1898. 


t Bull. U.S., Fish Comm., vol. 19, for 1899-1901, p. 454. 
Pl. 28, figs. 315-316, 
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Diameter of opening of ventral sucker: 
0-24 mm.; 

Distance apart of centres of suckers: 1°8 mm.; 

Diameters of ova: 0:024 x 00135 mm. 

The oral sucker is nearly round, but has two notches 
on its ventral lp; the ventral sucker is globular and 
rather smaller than the oral one. The pharynx is long 
and the intestine forks just anteriorly to the ventral 
sucker, and the rami extend down into the appendix. 
The latter is about one-third of the total length of the 
animal, but is retracted to a different degree in some of 
the specimens. The body when viewed in optical section 
appears to be provided with small spines, but these are 
only the edges of fine wrinkles which extend round the 
body. ‘The skin is quite unarmed. 

The genital aperture les on the ventral border of the 
oral sucker, the cirrus pouch lies directly in front of the 
testes and is provided with a “ prostate gland”; the 
testes are nearly globular, and are situated end to end 
at about the middle of the body. The ovary lies some 


distance behind the testes. The uterus is very 
voluminous and extends about half-way down into the 
appendix. 


The vitellaria are very peculiar: there are about 
half-a-dozen contorted tubes situated immediately round 
the ovary. The exact number of these structures is, 
however, difficult. to make out because of their tortuous 


courses. 
Echinostomum imbutiforme, Molin.—Fig. 23 A.B. 
Host: Labrav lupus, Morecambe Bay, July, 1908. 
In 1859 Molin* described a Distomum from the 


* Nuovt Myzhelminta raccolti ed. esaninati. Sitzungsb. k. akad 
Wien, Bd. 37, pp. 818-854. 1859, 


Xx 
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intestine of Labrax lupus, with which the worm described 
here appears to be identical. Molin gives no figure, and 
IT am unable to find one anywhere in the literature; the 
diagnosis, however, indicates that the worm figured here 
is most probably Molin’s species. 

The diagnosis 1s: — 

“Corpus teres, antice truncatum, postice acumina- 
tum, spinulis minimis densissime armatum; ‘collum 
conicum, extremitate anteriori dilatatum; os terminale, 
amplissimum, imbutiforme, coronula sexdecim aculeorum 
majorum cinctum, apertura circulari; acetabulum ore 
minus, ad colli basim, sphericum, apertura genitalis 
bilabiata, ante et ad acetabulum.” 


Measurements of the specimen figured : — 
Length: 6°5 mm. ; 
Thickness at ventral sucker: 0°5 mm.; 
Diameter of oral sucker: 0°39 mm. ; 
Diameter of ventral sucker: 0°33 mm. ; 
Distance apart of centres of the two suckers: 
11 mm.; 


Length of oral spines: 0°09 mm. 


In the specimens described here all the characters 
summarised in Molin’s diagnosis can be made out. The 
coronet of 16 to 17 long straight and stout spines 
surrounds the mouth, and are inserted on a prominent 
raised lip. The mouth itself is conical, passing into a 
short pharynx situated nearly halfway between the two 
suckers. A little way behind the pharynx the intestine 
forks, and between the fork and the anterior lp of the 
ventral sucker the genital aperture is situated. The 
latter is an elongated slit on the surface of a papilla; 
its longest diameter is transverse to the axis of the body. 
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The ventral sucker is spherical and is rather less in 
diameter than the mouth; it projects considerably from 
the general line of the body. The testes are large, oval 
bodies situated far back, near the pointed posterior end 
of the worm; the ovary is smaller than the testes, is 
oval in shape and is situated at about the posterior third 
of the body. The uterus is very voluminous, is crowded 
with ova, and obscures greatly the relationship of the 
vitellaria and their ducts. The latter glands are situated 
on either side of the body as two broad bands of glands, 
the edges of which bands are turned towards the observer 
in the view presented. At the posterior extremity are 
two small, clear vesicles, which are doubtless dilatations 
of the excretory duct or ducts. 

All the body is covered very densely with small, 
straight spines; these are represented in fig. 23 A, which 
shows the mouth, coronet, and the beginning of the 
cesophagus. 

Molin’s species appears to be smaller than those 
which I have described, but I have no hesitation in 
regarding the Piel specimens as identical with the worm 
described by him. 


IIT.— FUNGI. 


I describe here an entomophthoran fungus, which 
is apparently situated near to the genus Conzdzobolus, 
but the exact identity of which is in the circumstances 
indeterminable. This organism occurred in the viscera: 
the liver, kidney, and mesenteries of plaice (Pleuronectes 
platessa) living in the open-air spawning pond at the Port 
Erin Biological Station, and has been associated with a 
serious mortality among these fishes. The description and 
figures of this fungus given here are based on the 
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examination of sections of preserved parts of the livers 
and kidney taken from several fishes which were 
examined by Mr. Chadwick, the Curator of the Biological 
Station. In the absence of fresh material, and of cultures 
of the organism, it is impossible to refer the fungus, with 
certainty, to any known species. 

All the fishes which died had wounds on the surface of 
the body. In one preserved specimen, a fish about 14in. 
long, there are three large lesions on the blind side, one 
on the head and the other on the body and tail. Each 
is a large shallow abrasion with inflamed edges and 
some pus on the surface, but no indication of a fungus. 
There is a somewhat similar lesion on the ocular side. 
In a much smaller fish there is an annular lesion of the 
skin on the ocular side. The skin has disappeared, 
forming a ring-shaped, clean wound, also with no indica- 
tion of the presence of a fungus. In neither of these 
fishes was the liver or kidney infested with the fungus. 
This also appears to be the case with a number of fish 
which died both in the spawning pond and in the storage 
tank. But the appearance of the lesions on the fish 
which died in the pond and the livers of which were 
infected was identical with that I have described. It 
is very reasonable to suppose that the fungus is the cause 
of death, and that the superficial lesions are to be 
associated with the presence of the parasite, but there is 
no direct proof of this; and the death of fish in aquaria 
from such wounds contracted in captivity, and due to 
imperfect nutrition and not to the effects of any para- 
sitic organisms, is far from uncommon. 

With regard to the occurrence and incidence of i 
epidemic associated with the organism, I quote from a 
letter from Mr. H. C. Chadwick : — 

‘“My acquaintance with the disease in the plaice 
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began on June 22nd, when two of our fish were found 
dead in the pond, one at the surface and the other on 
the bottom. The former was somewhat decomposed, © 
and appeared to have been dead some time. The liver 
of both was densely crowded throughout with the rounded 
whitish cysts, of which I sent you specimens, and there 
were a few scattered about in the intestinal mesentery. 
The condition of the water in the pond had given me 
some anxiety for some time before the above-mentioned 
date, and, as it became worse, it was decided to drain 
the pond. ‘This was done on July 3rd and 4th, and 
resulted in the discovery of a considerable number of 
dead and dying fish. Many of the former were so much 
decomposed, that examination of the viscera was impos- 
sible, but a few were in better condition, and the liver 
of every one was more or less infected with the parasite. 
The same remark applies to the dying ones. In most 
cases the infection was complete, but there were several 
in which only part of the liver was visibly infected. 
Many of these fish had open sores or abrasions on the 
top of the head, like those of the specimens | sent you 
on October 10th, and all were much infested with a species 
of Lepeophtheirus.* 

“What I have called dying fish were certainly 
sickly. They swam about languidly, but I saw no 
evidence of giddiness, or lack of co-ordination in their 
movements. Some of them struggled gamely when 
handled, but their general behaviour was not like that of 
healthy fish. All the apparently healthy fish were 
transferred to the lower storage tank on July 5th, and 
were kept there, with as frequent change of water as 
possible until August 7th. In spite of this, the water 
in the storage tank rapidly assumed the dirty brownish 


* Lepeophtheirus pectoralis (Miller) 
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appearance of that in the pond before July 3rd, and it 
smelled offensively. The water was run off several times, 
and on each occasion dead and dying fish were found. 
Slight infection of the liver was observed in several 
during the early part of the time, but it was less and less 
obvious as time went on. JI find that 17 died during 
that period. After the fish were returned to the pond, 
three were found dead on August 14th and the liver of 
one of them was found to be slightly infected. The 
second had a dozen worms,” of the same species as those 
I sent you some time ago, coiled up in a mass in the 
liver, which was highly congested, while the liver of 
the third appeared to be quite healthy. Another fish 
was found dead on August 21st, with the liver very badly 
infested. On September 20th the bottom of the pond 
was again examined, and nine dead and 14 sick fish were 
found. On this occasion no trace of the parasite was 
seen, but every fish had the open sores on the top of the 
head, and at the base of the tail on the unpigmented side. 
The one I sent to you on October 10th was one of 17 
sickly ones found that day, but all the viscera of six, 
taken at random, appeared to be perfectly healthy. 
Every one had the external abrasions.” 

To the naked eye a portion of infected liver or 
kidney appears to contain small white globular bodies 
varying in size from 0°25 tol mm. In some cases, these 
are very sparsely scattered through the tissue, but in 
other specimens they are densely crowded together, and 
seem to hang together. Fig. 3, pl. XVI., represents a 
section through one of these masses. It will be seen that 
we have not to do here with a cyst, but simply with the 
mycelium and conidiophores of a fungus, the whole 


* Nematode worms, with some plerocercoid larve of the cestode 
Tetrarhynchus erimaceus, van Beneden. 


SEA-FISHERIES LABORATORY. 327 


forming a little rounded mass penetrating through the 
tissues of the organ, which in the case represented is the 
kidney. 

The mycelium is comparatively simple, and the 
hyphe themselves are about 0:°005 mm. in thickness. 
They are non-septate and are filled up with a homo- 
geneous, lightly staining substance. The conidia in which 
these hyphz terminate are oval bodies, very variable in 
size, but, on the average, about 0°08 by 0°04 mm. in 
diameter. 

Apparently there are two kinds of conidium. One 
kind (fig. 6, pl. XVI.) stains more deeply than the other, 
in the ground substance and the cell inclusions. Scattered 
irregularly over the section are a number of small, rounded 
homogeneous granules. The other kind of conidium 
stains more lightly and the ground substance is more 
nearly homogeneous, while granules, as described above, 
are not apparent.. 

Here and there in the sections are to be seen 
structures which are apparently resting spores. These 
are represented in figs. 7, 8. Hach is a rounded body 
measuring from 0°05 mm. to rather less in diameter. It 
consists of the spore itself surrounded by one or more 
distinct capsules. The substance of the spore usually 
contains the small granules, to be seen in the conidia. 
Fig. 4 represents such a resting spore beginning to 
germinate and showing the beginning of a hypha. 

I think there is little doubt that the organism is to 
be referred to a genus of Entomophthorinee; and is to 
be placed near to the genus Conidiobolus.” But, in the - 
absence of material for setting up pure cultures, it is not 
possible to say more. The fungi of this group are either 

* I am indebted to Prof. Harvey Gibson for assistance in this 
identification, 
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saprophytic or parasitic. Conidiobolus is parasitic on 
higher plants, but may live saprophytically in nutrient 
media, and apparently the spores may persist unharmed 
in salt water. Our fungus, which is not necessarily the 
above genus, and, indeed, may belong to an undescribed 
form, is probably one which, as is typical in the group, 
inhabits some insect. Insect life was very abundant in 
the spawning pond in which the fish were living. Thus 
the Port Erin Report of 1905, pp. 10-11, ‘‘ As was the 
case during the hatching season of 1904, our spawning 
pond proved a death trap to myriads of insects, especially 
Uiptera and Coleoptera, which seriously hampered the 
work of egg-collecting.” Over thirty species of Coleoptera 
alone were identified by Dr. Bailey, of Port Erin, who 
adds that all were local species, probably caught up from 
the adjacent land by the wind and deposited on the surface 
of the pond. I understand that the practice was to 
depend on the growth of alge to keep the water well 
oxygenated, and not to change it frequently. ‘This 
practice no doubt would favour the infection of the fish 
by the fungus, assuming, as is probable, that the latter 
originally inhabited some insect. In this case the death 
of numbers of insects on the surface of the pond and the 
liberation of great quantities of resting spores must have 
infected the water, and the lack of frequent change of the 
latter must have increased the chances of the infection of 


the fish. 


IV. On a Tumour IN THE SKIN OF THE DAB 
(Pleuronectes limanda). 
While trawling in Luce Bay in November, 1904, 


several unusually large dabs were caught, and while 
weighing and measuring these fishes several hard nodules 


tee 


‘Sea Fish. Ann. Rep. Plate XVI. 


; | : e vitelline 
vas efferens uterus testis senda 
: i t 


‘ Ae Ark 


vagina vaSdeferens cirrus 


oy 


af J. Johnstone. del. SS:Bilithy 


Figs.1&2. ANTHOBOTHRIUM AURICULATUM. 
‘ Figs.3-8. FUNGUS IN PLAICE. Figs. 9&10. TUMOUR IN DAB. 


. 
> ! 
2 * 
2 fr 
¢ i 
— 
> 
. 
> a 
iv 
e z 

| 

é 

} i 

t 
f 
“~ 
“ORY 
t 
. 
is 
Py ' 


SEA-FISHERIES LABORATORY. 329 
were felt underneath the skin. Two of these nodules 
were situated close to the lateral line on the ocular side of 
the fish. Each was a little rounded mass about 3°56 mm. 
in diameter and about one mm. above the general surface 
of the skin. Just behind the anus was another tumour 
which, however, was rather larger and more irregular in 
shape than those on the side of the fish. It was situated 
on the posterior and lateral lips of the anus. 

Fig. 9, pl. XVI., represents a section of the latter 
tumour in a longitudinal plane. The skin over the structure 
is quite normal. Directly underneath the skin is a great 
number of egg-like structures, each from 0-1 to 0.16 mm. 
in diameter. Hach (fig. 10) is surrounded by a thick, 
apparently structureless, capsule. Within this the cell 
protoplasm is finely granular, and stains densely. Round 
the periphery of this cell (for the whole structure is 
obviously a single cell) are a number of inclusions, 
consisting of densely staining substance of apparently 
quite irregular form. The cell substance is usually 
contracted away from the capsule at various points. The 
nucleus is large, and is bounded by a kind of shell— 
not a membrane, but a thick layer, which in section 
presents a kind of scalloped appearance. The nucleus is 
often vacuolated. Within it is a single large, densely 
staining nucleolus. 


EXPLANATION OF THE PLATE. 


Prate XVI. 
Fic. 1.—Anthobothrium auriculatum. Section of a proglottis. » 70. 
599 2a Do. do. The scolex. x 17. 
», 3.—Fungus in kidney of plaice. Section of the kidney. 


x about 100. 
,, 4.—Fungus in Plaice, germinating spore. x 600. 
a -6.— Do. conidia. x 600. 
5, 1-8.— Do. resting spores. x 600. 
,, 9.—Tumour from dab. Section, x 24, 
», 10.—One body from the tumour. x 220. 
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ICHTHYOLOGICAL NOTES. 
By Jas. JOHNSTONE. 


Raia microcellata, Montagu. 
Rava fullonica, Linn. 

Solea lascaris, (Risso). 
Dentex vulgaris, Cuv. 


Oo HR WwW WM Fe 


Raia clavata, showing arrested development of 
pectoral fins. 


6. Plewronectes flesus, showing arrested metamorphosis. 


1. Painted Ray—Lfaza nucrocellata, Montagu. 

This ray does not appear to have been recorded for 
the Irish Sea area. On May 28, 1905, one male specimen, 
16 inches broad, was trawled by the “John Fell” off 
Llanrhystyd, in Cardigan Bay, in about two fathoms of 
water. On 21st June, 1905, another male specimen, 20 
inches broad, was obtained in Tremadoc Bay. 


2. Fuller’s Ray—Raza fullonica, Linn. 


This ray has frequently been sent to us in baskets of 
ray bought at Fleetwood, but so far we have been unable 
to ascertain whether or not these fishes had been caught 
in the Irish Sea area. All doubt, however, was removed 
on the 26th May, 1905, when one specimen was taken by 
the “John Fell” in Carnarvon Bay. The fish was 
14 inches in breadth. 

Both Raia fullonica and R. microcellata appear to be 
much more common on the South Coast of England than 
in the Irish Sea. 


3. The Sand Sole—Solea lascaris (Risso). 


One specimen of this interesting sole was taken in 
Cardigan Bay, about two miles off Llanon, in about 12 
fathoms, and on clean sandy ground. This specimen was 
103 inches in total length, and was taken in the same 
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catch with 42 common soles. Several specimens were 
afterwards taken in Cardigan Bay. The colour of the 
specimen in life was dark brown with numerous small 
black spots and blotches. 

The sand sole does not appear to be at all common in 
the Irish Sea on the Hast side, but there is little doubt 
that it is often overlooked. It is common in the Bristol 
Channel, and Mr. Holt informs me that it is commonly 
sold by Irish fishmongers who obtain their supplies from 
the seas between England and ireland. It is nevertheless 
a Southern form, extending as far south as Madeira, and 
into the Mediterranean as far as the coast of Italy. The 
British Islands appear to be the extreme Northern limit 
of its distribution. 


4. Dentex vulgaris, Cuv. 


Five small fishes, which were taken by the “John 
Fell” in the trawl net, off Gimlet Rock, Pwllheli, I 
identify as the above species.* ‘This is the first occasion 
on which this species has been taken in the Irish Sea, and 
only five previous records of the existence of the fish in 
British waters are known to me. Dentew occurs commonly . 
in the Mediterranean and neighbouring parts of the 
Atlantic, but the British Islands appear to represent the 
Northern limits of its distribution, and specimens in our 
waters are to be regarded as occasional wanderers. ‘The 
egos of Venter appear to be pelagic,t and it is much more 
likely that these should have been carried up into the 
Irish Sea by what appears to have been an exceptional 
northerly drift of Atlantic water during the last year, 
than that the adult fishes should have spawned in our 
area. 


* T have to thank Mr. E. W. L. Holt for kind assistance in this 
identification. 


+ Holt, Ann. Mus. Marseille, v. 4, 1899. 
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All the specimens’are small ones, being from 1} to 2 
inches in length. ‘The adult fish itself may attain a 
weight of 70 Ibs. 

The body is stout and slightly laterally compressed. 
The following measurements of this immature stage may 
be useful for purposes of comparison with the adult: * 

Depth of body: 33 times in total length. 

Greatest thickness of body: nearly 24 in total length. 

Length of head: 3? in total length. 

Depth of caudal peduncle: 3% times in length of head. 

Diameter of eye: 34 in length of head. 

Distance of anterior margin of the eye from the snout: 
+ of length of head. 

Radial formula: D. X= 125) Aly ee 

Mr. Holt points out that the scale-formula is not so 
restricted as in his diagnosis of the adult. The transverse 
formula is {—5%, and the longitudinal one about 60. 

The teeth in both jaws are conical. In the upper jaw 
there are two canines on either side, with four smaller 
teeth in the symphysial space between the canines. In 
the lower jaw there are three teeth on each side which 
are longer than the rest. 

In one specimen dissected there were four large 
pyloric ceca. 

There are about six transverse bands on each side of 


the body. 


5. Ray showing arrested development of the pectoral 
fins. 


An immature specimen of Raia cavata, caught off 
Blackpool by the “ John Fell” in September, 1905, shows 
in an interesting manner an arrested development of the 
“wings” or pectoral fins. Fig. 24 represents this speci- 


* Holt and Byrne Report Sea and Inland Fisheries for Ireland 
for 1902-3, Pt. ii., 1905, pp. 156-161, Pl. xxvii. 
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men, which is a small ray measuring 44 inches across the 
wings. On either side of the head is a deep notch which 
causes the pectoral fins to stand well out from the body. 
The dorsal side of the specimen is figured, but I have 
indicated the position of the gill openings by dotted lines. 
The median line of symmetry is disturbed, so that the 
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Fic. 24. Raia clavata, showing arrested development of the pectoral 
fins. Reduced. 


head of the fish is bent to the left side by about 4 inch. 
So far as can be seen without dissection, the external 
borders of the notches are formed by the propterygia, and 
the malformation is evidently due to the assumption, 
during development, by the latter skeletal structures, of 
a position which is much more nearly related to the 
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primitive position of the Elasmobranch pectoral fin 
structures than the latter normally occupy in skates or 
rays * 

The fish was alive, and apparently in good health 
when caught. 


6. Flounder (Plewronectes flesus) showing arrested 
metamorphosis. 


A flounder caught in a stake net near Piel, Barrow- 
in-Furness, and sent to me some time ago, exhibits 


Fic. 25. Flounder showing arrested metamorphosis. Nat. size. 


several characters worthy of record. The fish was 
pigmented on both sides, and it was this bicolouration— 
the most perfect I have seen—which caught the attention 


** A similar malformation is recorded by R. H. Traquair, Ann. 
Scottish Nat, Hist, Jan. 1902, pp, 29-30, 1 fig, in text, 
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of the fisherman. The fish, however, is noteworthy im 
other respects. Fig. 25 is a view from the right side, and 
indicates the characters in question. The left eye does 
not occupy the normal position, but is very distinctly on 
the (secondary) dorsal margin of the head, and, indeed, is 
easily visible from the “blind” side of the specimen. 
The right eye occupies the usual position. The anterior 
extremity of the dorsal fin is the most interesting 
character exhibited by the specimen. It was first 
suggested by Traquair that the forward extension of the 
dorsal fin in the median, or pseudomesial, dorsal line, 
irrespective of the asymmetry of the head, took place after 
this asymmetry, due to the translocation of the eye, was 
completed; and that the fin, though apparently arising 
from the head region, does not really belong to that 
region at all. In the specimen before us this hypothesis 
is verified, so far as the facts go. The eye not having 
crossed the pseudomesial line of the head, it is obvious 
that the forward extension of the dorsal fin to its normal 
position, with the anterior extremity just over the middle 
of the eye, cannot take place. But we find that, though 
the arrested shifting of the eye has prevented this forward 
extension of the fin, the latter has still grown, and now 
arches over the eye so that its anterior extremity is nearly 
in the position it would have occupied had the eye 
attained its definitive position. 
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REPORT TO THE CHAIRMAN OF THE SCIENTIFIC 
SUB-COMMITTEE ON THE EXAMINATION OF 
THE LLANFAIRFECHAN MUSSEL BED. 


By Jas. JOHNSTONE. 


Some time ago Dr. Jenkins suggested to me that it 
would be desirable to make an examination in seu, and 
a further bacteriological analysis of the mussels from the 
Llanfairfechan shore. ‘The mussel bed there has very 
little commercial importance, but it is alleged to be 
seriously polluted, and circumstances arose which made 
it advisable to examine it in detail. Accordingly, Dr. 
Jenkins and I visited the locality in question on the 
afternoon of May 18th and collected a sample for analysis. 

Strictly speaking, there is no mussel bed at 
Llanfairfechan. The shellfish, however grow on the piles 
supporting a sewer-pipe, and have frequently been 
gathered and sent to the markets. The case of this mussel 
supply has previously attracted some attention, and was 
referred to in the proceedings of the Royal Commission 
on Sewage Disposal (Rept. 4, Vol. 2 [Cd. 1884], 1904, 
Question 16325). 

All the sewage from the village of Llanfairfechan is 
conveyed out to sea through a 9 inch iron sewer pipe, 
which runs out over the sands in a direction nearly 
N.N.W. from the patch of stones in front of the 
village. The pipe is supported on wooden piles driven 
into the sand at regular intervals. It is about 1,500 yards 
in length and terminates very near the low water mark of 
high spring tides. A pumping station is connected with 
it, but there is no intercepting tank, and the sewage, 
which is quite untreated, flows continuously through the 
pipe and discharges on to the sands. About six months 
(we were informed) before we visited the locality a block 


SEA-FISHERIES LABORATORY. Bal 


had occurred in the lower third of the sewer and, as it was 
impossible to clear the pipe, the latter had been cut; it 
was, however, still found impossible to remove the block, 
and a further cut was made in the pipe about 500 to 600 
yards from the outfall. The crude sewage was, therefore, 
flowing from this latter break in the pipe at the time when 
we made our visit. 

The ground round the pipe for the greater part of the 
length of the latter consists of hard clean sand, which 
affords no holding for the mussels. But the vertical and 
horizontal wooden piles supporting the pipe are covered 
with a thick growth of the shellfish, and here and there 
the shellfish were attached to the pipe itself. The mussels 
are mostly large, well-nourished animals with fairly 
clean shells. They were generally well over the gauge 
size, and, apart from the question of their contamination, 
appeared very suitable for food or bait. 

The sample for analysis was collected by taking one 
mussel at regular intervals from the vertical piles on the 
Eastern side of the pipe all the way up from the outfall. 
Those which were collected from the piles in the vicinity 
of the break in the pipe were kept apart from the others 
and examined separately. The primary inoculations were 
made on the morning of the 19th. The method of analysis 
was that previously adopted in similar cases, and consisted 
in inoculating about 0-1 to 0°25 cc. of the contents of the 
stomach of each animal on separate plates of neutral-red, 
bile-salt, lactose agar; and in further testing the colonies 
formed on this medium for Bacillus coli communis by their 
reactions on various sugar media. In every case 
inoculations were also made to determine the presence or 
absence of the spores of an anaérobic bacillus, presumably 
Klein’s B. enteritidis sporogenes. The results were as 
follows : — 

¥ 
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RESULTS OF PRIMARY CULTURES ON NEUTRAL-RED AGAR. 


Mussel. ! Number of ‘‘ Colon-like”’ Colonies. ~ 
Mussels | : | ! 
Pat eet 2 About 98 
the break { 3 | 0 
In ne ee 76 with several diffuse patches. 
sewer pipe. | 5 60 
Mussels 6 : 
from below 7 0 
the break 8 | One diffuse patch. 
in the 9 1 with a diffuse patch. 
sewer pipe. | 4 | 1 


Primary cultures were also made from the stomach 
contents in litmus milk under anaérobic conditions with 
the following results : — 


PRIMARY ANAEROBIC CULTURES IN LITMUS MILK. - 


Mussel. | Enteritidis reaction. | Mussel. Enteritidis reaction. - 
| aan) Ae ee 
is + 6 + 
2 | ok i No reaction. 
3 | No reaction. 8 + 
4 at 9 oe 
ve i 10 a 


The results of the tertiary cultures on the various 
sugar media showed that Bacillus colt communis was 
present in mussels 2, 4, 9 and 10, and probably in all the 
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others with the exceptions of mussels 3 and 7, which were 
sterile both to this microbe and to the microbe usually 
identified as B. enteritidis sporogenes. 

A further analysis by Houston’s method of decimal 
dilutions was also made. Five mussels selected at random 
from all those collected were pounded up in a sterile 
mortar with sterile water and three primary cultures were 
made, both in neutral-red agar and in litmus milk 
ineubated “a eatictals The results were : — 


No. of ; 
‘‘Colon- | Enteritidis 
like” | reaction. 
Colonies. 
weadewec.(=— ;=+th part of a mussel); 26 + 
Milk de- 
pra.) 2. | colonised: 
B; inl cc. (= yosath a Y) 4 | but not 
; _ clotted, 
No 
ae iL 
Pee bce: (=zo500th 8 i : | reaction. 


B. coli was therefore present in 1-1000th part of a mussel 
in small numbers, but absent in 1-10000th part of a 
mussel. B. enteritidis sporogenes was present in 1-100th 
part of a mussel; but doubtfully present in 1-1000th part, 
and certainly absent in 1-10000th part. 


Conclusions. 

It will be seen, then, that Bacillus coli was isolated 
from the majority of the mussels examined. The presence 
of this microbe indicates the contamination by faecal 
matters of the shellfish in which it is found.. But 
unhappily this organism must now be regarded as present 


840 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


almost everywhere in shellfish bedded on our coasts, and 
its significance hes not so much in its mere presence as 1n 
its relative abundance. It will be seen from the results 
stated above that B. colt was very abundant in several of 
the mussels examined: these were they that were 
collected from the piles in the neighbourhood of the break 
in the pipe. ‘wo mussels were quite sterile, and in one 
or two others the microbe was present in very small 
quantity; these latter shellfish were collected from the 
piles some considerable distance from the break in the 
pipe. Only in one or two of the mussels examined was the 
degree of pollution at all excessive. 

It is probable that the faulty condition of the sewer 
pipe is the cause of the greater part of the pollution of the 
mussels. The eddies caused by the tide round the piles 
have excavated a shallow gutter directly beneath the 
sewer pipe. As the tide lays bare the sands, this gutter 
becomes filled with a mixture of sea-water and sewage 
flowing from the break in the pipe. Then when the tide 
begins to flow, some of this water becomes washed up 
against the mussels on the piles, and the former become 
polluted. If the sewer pipe were in proper repair, so that 
all the discharge flowed from its extremity, and still more 
if there were an intercepting tank at the pumping station 
and the sewage were only liberated on the ebb tide, I 
think that the pollution of the mussels would be very 
slight, and would be due only to the slight amount of 
general pollution of the sea caused by the sewage from 
the towns at the entrance to the Menai Straits. 
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NOTE ON THE OLIGODYNAMIC ACTION OF 
COPPER UPON CERTAIN ORGANISMS. 


By W. A. HerpMan, 


In connection with the investigations upon copper in 
certain oysters and upon the pollution of certain oysters 
by sewage, and so possibly by disease germs, which were 
discussed fully in these Reports a few years ago, it may 
be of interest to put on record now the recent remarkable 
results that have been obtained in America, and else- 
where, in destroying intestinal bacteria by means of 
exceedingly minute traces of metallic copper. 

The botanist C. von Nageli seems first to have 
observed, some time in the eighties, that even the copper 
dissolved by distilled water during its passage through the 
copper still might have a toxic effect upon certain plants. 
He then experimented with water in which copper coins 
had been placed, and determined, for example, that one 
part of copper in about a thousand million parts of water 
is poisonous to some species of the water plant Spirogyra. 
Other investigators, both in Germany and the United 
States, have since extended the experiment to the action 
of copper upon bacteria and upon protozoa. They used 
copper foil in the water, and found that Bacillus typhi 
was especially sensitive, and that at a temperature of 
35° to 40° C. the toxic effect was manifested in one hour. 
Pharmacologists as well as biologists have recognised the 
importance of these facts, and their possible application 
to the treatment of disease. Copper, while being 
exceedingly toxic to micro-organisms and _ certain 
parasites, is comparatively harmless to man. Professor 
Cushing (1899) says: —‘‘ Copper thus seems to have a very 
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powerful poisonous action on certain living forms and to 
be harmless to others, and the subject deserves further 
investigation, It is possible that it may prove to act 
prejudicially to some human parasites, and it is certainly 
less dangerous to man than many other remedies used as 
parasiticides and disinfectants.” 

_ Kraemer, in a recent paper,* * commenting on this 
says: —* While various explanations might be offered to 
show why such extremely minute quantities of copper in 
solution are sufficient to kill unicellular and filamentous 
algae, bacteria and unicellular animal organisms, and yet 
not affect multicellular plants and animals, whose cells 
are as delicate in structure as those of the unicellular 
organisms, it seems that this is in a measure due to the 
fact that in the latter the entire individual is comprised 
of a single cell, which performs all the vegetative as well 
as reproductive functions, and being entirely surrounded 
by the copper solution all the life processes are affected, 
there being no way for the organism to distribute the 
solution to other cells, and thus by a dilution minimise 
the toxic action of the copper. Or if some of the cells in 
the multicellular organism are destroyed or injured by 
exposure to the solution, others are formed to take their 
place from the more or less deep-seated meristematic cells. 
It is true that the idiosyncrasies in these organisms should 
also be borne in mind, some of them being more resistent 
than others.” 

It has been shown, however, by Locket that the 
poisonous action of minute traces of copper is not confined 
to unicellular organisms. Merely placing strips of quite 
clean metallic copper in water in which tadpoles are kept 


* Proc. Amer. Philosoph. Soc. vol. xlix., No. 179, p. 51, April, 
1905, where full references to the literature of the subject will be 
found. 

+ Journ. of Physiology, 1895, vol. 18, p. 319. 
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leads in a few hours to the death of the tadpoles. This 
observation has been confirmed by Ringer,t and more 
recently by Roaf and Whitley, who have also shown that 
a trace of colloidal silver in suspension leads rapidly to a 
fatal result, while colloidal platinum under like conditions 
is quite harmless. . 


It has been suggested to me by Professor B. Moore 
that possibly the cause of the poisonous action in some 
organisms and immunity in others,may be due to those 
organisms which are poisoned throwing out excretory 
substances which dissolve copper and form soluble 
poisonous compounds which are absorbed, and so lead to 
the toxic effects. : 


The matter has also been discussed recently as one 
which may be of importance in killing algae and 
pathogenic organisms in water supplies. Dr. G. Moore, 
of Washington, found that one part in fifty millions was 
sufficient to kill off fresh-water algz in water-cress beds; 
and that 1 in 100,000 would kill cholera and typhoid 
organisms in 4 to 5 hours. Rideal and Baines (1904) 
found that 24 hours in a copper vessel was sufficient to 
free the water from typhoid and colon bacilli. Bassett- 
Smith,” as the result of a number of experiments, states 
that “ Bacillus typhosus is more easily killed than others 
of the coli group, being destroyed in 12 hours with the 
1 in 10,000 dilution ” [sulphate of copper]. He also finds 
that “ Zinc, or iron coated with zinc, though less rapid in 
its action than copper, yet after 24 to 48 hours appears to 
free the water from typhoid organisms, and is the most 

| Ibid., 1897, vol. 22, p. xiv. (Physiol. Soc. Proc.) 


} Communicated by the authors (Biochemical Department, University 
of Liverpool)—the paper not being yet published, 


* Journ, of Preventive Medicine, July, 1905. 
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valuable storage tank for all purposes that we possess.”’ 
Finally, Kraemar has, during the last year, carried out a 
series of most elaborate and interesting experiments in the 
Philadelphia College of Pharmacy, “with a view of 
testing the efficiency of metallic copper for destroying 
typhoid and colon bacilli in water.’ He writes as 
follows :— 

“From the experiments thus far conducted, as well 
as the results obtained by other writers, the following 
conclusions may be drawn: 

“1. Certain intestinal bacteria like colon and 
typhoid are completely destroyed by placing clean 
copper foil in water containing them, or by adding the 
organisms to water previously in contact with copper 
foil. 

“2. The toxicity of water in which either copper 
coins or copper foil has been added is probably due to 
a solution of some salt of copper, as first suggested by 
Nagel1. 

“3. The copper is probably in the form of a 
crystalloid rather than that of a colloid, as it has the 
property of permeating the cell walls and organised cell 
contents of both animals and plants, thereby producing 
the toxic eftects. | 

“4, While the effects produced by the oligo- 
dynamic action of copper are apparently different from 
those of true chemical poisons, the difference is 
probably in degree only, and not in kind. 

“5. Certain lower organisms, including both 
plants and animals, possess a specific sensitiveness to 
minute quantities of copper, and it has been shown that 
they are not restored on transferring them to water free 
from oligodynamic properties. 

“6. Oligodynamic solutions of copper are 


SEA-FISHERIES LABORATORY. 345 


obtained by adding either copper coins, copper foil, or 

salts of copper to water; when copper foil is used 

sufficient copper is dissolved by the distilled water in 
one to five minutes to kill the typhoid organisms within 
two hours. 

“7. <A solution of copper may lose its toxicity by 
the precipitation of the copper as an insoluble salt or 
compound, by its absorption by organic substances, or 
by absorption by insoluble substances. 

“8. The oligodynamic action of the copper is 
dependent upon temperature, as first pointed out by 
Israel and Klingmann. 

“9. The effects of oligodynamic copper in the 
purification of drinking water are in a quantitative 
sense much like those of filtration, only the organisms 
removed, like B. typht and B. coli, are completely 
destroyed.” 

Now if these results can be extended to the case 
of marine shell-fish, it may be argued that tf 
the typhoid organism is killed in two hours by 
distilled water in which copper foil has been placed for 
five minutes, a comparatively simple measure of washing 
ought to be sufficient to render contaminated oysters 
innocuous. ‘The importance of such a result is obvious. 
It may be asked why, considering the rather large amount 
of copper that may be present in the tissues of the oyster, 
should the copper foil be necessary. It is known, how- 
ever, to be the case that in the normal oyster the copper 
of the blood is united with a proteid to form an organic 
compound, haemocyanin, in such a way as to be unable to 
exercise its toxic properties. It is probable that that is also 
the case in these abnormal green oysters which Professor 
Boyce and I investigated* some years ago, and where we 


_ * On a green Leucocytosis in Oysters. Proc. Royal Society, vol. 
Ixii., p. 30 (1897). 
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found copper stored up in greatly increased quantity in 
the numerous leucocytes which characterise this diseased 
condition; so that probably these “ copper ”’ oysters even 
cannot be trusted to free themselves from pathogenic 
organisms through the action of their own copper. 

In dealing with such a case as that of the oyster, 
however, it must be noted that there are two further 


ae 


conditions which may effect the successful application of 
the above-mentioned methods. In the first place the 
pathogenic organisms are not necessarily free in the 
water, but may be in or upon the living tissues of the 
molluse so as, possibly, to be protected from the toxic 
action of the copper. Secondly, the washing of the living 
oyster, must be carried on in sea-water: there is 
apparently a difference in some of the experiments 
between distilled water and tap-water, and what further 
complications may be introduced by the salts in. the 
medium surrounding the oyster has still to be determined. 
In conjunction with Professor B. Moore, of the Depart- 
ment of Biochemistry, we propose to investigate the whole 
question of this oligodynamic action of copper and other 
metals upon the organisms in shell-fish—with special 
reference to oyster culture. 
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‘SEA-FISH HATCHING AT PORT ERIN IN 1905. 
By W..A. HERDMAN. 


As the Reports of the Isle of Man Fisheries Board 
have only a limited circulation and are probably unknown 
to members of the Lancashire and Western Committee, 
it may be found convenient to have recorded here the 
portion of the last report which deals with sea-fisheries 
work in 1905. It occurs in the “ Report from the Hon. 
Director,” as Appendix I. to the First* Annual luce of 
the Fisheries Board. 

The Report is made to Tynwald Court, and was drawn 
up in June, 1905, and signed on July Sth. The Report 
contains the following sentences : — 

“The Board entered into negotiations with the 
Lancashire and Western Sea Fisheries Joint Committee, 
with a view to obtaining the assistance of the Committee’s 
s.s. “‘ John Fell” in policing the territorial waters of the 
Isle of Man, and, having made a preliminary arrangement 
with the Committee, applied for and obtained from the 
Tynwald Court a grant of £50 for the purpose of 
carrying out such arrangement. | , 

“The agreement is now in operation, and. Dr. J. 
asi Jenkins, Superintendent of Fisheries to the Joint 
Committee, and Capt. Wignall, of the s.s. “ John Fell,” 
have been appointed Fishery Officers under the provisions 
of the Sea Fisheries Act, 1894.” 

The Appendix on the Sea-fish Hatchery and 
Aquarium at Port Erin runs as follows :— : 

The three previous reports were made by a Committee appointed 

by Tynwald Court—this Committee and others being now replaced by 
the ‘‘ Fisheries Board,”’ 
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* REPORT FROM THE Hon. DIRECTOR FOR THE YEAR 1904-5. 
(Drawn up June, 1905.) 


“Last year, I considered that I was able to give a 
satisfactory report to the Sea-fish Hatchery Committee 
when I recorded the production and liberation of about a 
million young plaice as the result of the first complete 
year of working with the necessary equipment. This 
year I am able to report that over five millions of young 
plaice have been set free in Manx waters. ‘This grati- 
fying result is due primarily to the considerable increase 
in our stock of spawners, effected partly by the kind 
co-operation of the Lancashire and Western Sea-Fisheries 
Joint Committee, and partly by our own fishing operations 
off Port Erin. The notable advance is due also in part 
to improvement in the hatching mechanism and to 
increased experience and skill on the part of our curator 
(Mr. Chadwick) and his assistant (Mr. T. N. Cregeen), 
whereby some wastage that occurred in the previous year 
has been wholly avoided, and the inevitable loss in 
working very greatly reduced. — It is hoped that our stock 
of spawners will be still further added to during the 
present summer, and that the output next year will be 
correspondingly increased. 

‘A good deal of detail that was printed last year for 
the information of the Hatchery Committee need not be 
repeated. The condition and continued success of the 
Aquarium has been very satisfactory. 

“The stock of adult plaice which furnished the eggs 
hatched during the past season consisted of (1) 99 out 
of the 105 fish with which the season of 1904 was begun ; 
(2) 110 fish brought from Luce Bay by the s.s. “John 
Fell,” on 19th November, 1904; and (3) 118 fish caught 
in two trammel nets, efficiently worked by the assistant 
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curator (Mr. T. N. Cregeen) during July, August, and 
September, 1904; making a total of 327. All the fish 
were placed in the spawning pond as soon as possible after 
capture, and no difficulty was experienced in keeping them 
in a healthy condition throughout the year. They were 
fed daily upon mussels, with the addition of lug-worms 
as often as the latter were procurable. The worms are 
dug, for the most part, by the assistant, at Port St. Mary; 
but the mussels have to be obtained from Lancashire, and 
about one cwt. per week is required to keep the fish in 
good condition. 

“The state of the pond has been quite satisfactory. 
It was emptied and examined carefully in September, 
1904, and again at the conclusion of the present spawning 
season, in May, 1905. 

“The hatching apparatus was carefully overhauled 
and put into working order during the latter part of 
January, and was in continuous operation, without 
mishap of any kind, from 14th February to 13th May. 
The improvements in the structure of the tanks and boxes 
alluded to in last report have now been effected, and have 
resulted in a great saving of eggs during this season. 

“The first fertilized eggs of the plaice were found in 
the pond on 14th February, 17 days earlier than last year; 
and on the 17th there were 12,500 incubating in the boxes. 
The daily yield of eggs gradually increased, until the 
maximum was reached on 3rd April, when 315,600 were 
collected. After this date the numbers ranged from about 
224,000 to over 100,000 daily, until 25th April, when a 
marked diminution was observed, and the last batch of 
the season, numbering 45,000, was placed in the boxes 
on Ist May. 

“Tbe method of estimating the number of eggs was 
essentially the same as that of last year. Ten dips with 
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a measure of known capacity were taken from each day’s 
collection, and the number of eggs in each dip carefully 
counted. The average of the ten countings was then 
divided by the number of cubic centimetres in the measure 
in order to obtain the average number of eggs per c.c. 
This figure was then multiplied by the number of cubic 
centimetres of water in the hatching box in order to 
obtain the total number of eggs. 

“The larve were taken to sea in a fishing-boat by 
the assistant, and were liberated at various points either 
on the east or on the west side of the southern end of the 
Island, at distances of from 1 to 5 miles from land. 

“The numbers of larve in this manner set free 
during the season were as follows : — 
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_. At the close of the hatching season, in May; the 
pond was drained to within 18 inches of the bottom, and 
all adult plaice found in the smaller western portion were 
transferred to the larger portion nearest the hatchery, 
in preparation for the reception of a stock of adult soles. 

“During this operation, it was discovered that eight 
of the adult fish had died since the pond was last drained, 
at the end of September, 1904, leaving a total of 319 
healthy fish. It was also found that a large number of 
the young fish hatched during the season of 1904, which 
had been left to undergo their metamorphosis in the pond, 
were still present, and evidently thriving. Thirty-one of 
these were taken at random, and were found, on measure- 
ment, to range from 24 to 54 inches in length; but, while 
the pond was being re-filled, a few others of the same 
generation were seen which were certainly larger than the 
largest measured. 

“Tt is evident from these observations (1) that the 
artificially hatched fry are perfectly healthy, and capable 
of continued life and growth; and (2) that the young fish 
which have undergone their metamorphosis in the pond 
have found there healthy conditions and abundance of 
their natural food. 

“Tn accordance with an intention of extending, so far 
as is possible, the hatching operations to other suitable 
fish, steps have been taken to commence, on an experi- 
mental scale, with the black, or true English, sole (Solea 
vulgaris), which spawns rather later in the summer than 
the plaice. Forty-six adult soles were brought by the 
s.s. “ John Fell” on May 31st, and are now confined in the 
western portion of the pond. A number of these are 
spawners, and although it is now getting late in the 
season, it is hoped that sufficient fertilized eggs for our 
purpose may stil] be obtained. It is proposed, unless some 
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unforeseen difficulty occurs, to increase this stock, and to 
devote more attention to the hatching and rearing of the 
sole during next season. 

“Tt is a pleasure to report to the Board that Mr. 
Chadwick, the curator; Mr. T. N. Cregeen, the assistant ; 
and the boy, Willie Christian, have been most energetic 
and efficient in their several spheres of work; and I 
should lke to add that Mr. Chadwick and I feel much 
indebted to the secretary to the Board, Mr. R. Okell, 
F.L.S., for his valuable help and for the large amount of 
attention he gives to the affairs of the institution. 

I have now to add that during last summer, after the 
above Report had been issued, a curious epidemic,* caused 
by a fungus which invades the liver and kidneys, attacked 
the fish in the pond, and resulted in considerable mortality 
of both plaice and soles. The fish that survived were set 
free, as 1t was thought best under the circumstances to 
clear out the pond completely, and start this season with 
a fresh stock of fish free from infection. 


“(Signed) W. A. Herpman.” 


** Described by Mr. Johnstone in another part of this Report. 
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PREFACE. 


AxtTHouGH the Insecta have received the attention of so 
large an army of workers in many lands, very few have 
deemed it worth their while to search for these animals 
below the level of the high-water mark of the sea. It is 
very generally believed that insects are totally unfitted to 
endure the salinity of the sea-water and, consequently, 
they have been very little sought for in that habitat. 
The number of marine insects which are at present known 
is, therefore, comparatively small. 

The subject of this Memoir is the Collembolan 
Anurida maritima (Guer.) and it has, perhaps, more to 
commend itself to the attention of the general student of 
Zoology than is the case with other marine insects. It 
has not been my intention to confine myself solely to a 
description of the type with which the Memoir deals, but 
rather to make the work of a wider interest. With this 
aim in view, I have included chapters on the general 
structure and affinities of the Collembola, together with a 
fairly extensive bibliography of the order, and some 
additional remarks relating to other marine insects. 

This work was commenced at the Port Erin Biological 
Station, where the insects were collected and their habits 
studied. The greater part of the anatomical work was 
carried out in the Zoological Laboratory of Birmingham 
University, while the* remaining portion has _ been 
completed in the Morphological Laboratory of the 
University of Cambridge. JI am indebted to Prof. E. W. 
Wace Carlier, M.D., for helpful assistance as regards the 
details of histological technique which were carried out in 
the Physiological Laboratory at Birmingham. Dr. 
David Sharp has also supplied me with several valuable 
suggestions. 
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It has been necessary to consult a considerable 
amount of literature while preparing this Memoir, and I 
wish to acknowledge my indebtedness more particularly 
to the writings of Fernald, Folsom and Willem. They are 
numbered 8, 10 and 27 respectively in the bibliography 
to be found at the end. 


I. INTRODUCTORY REMARKS. 


Tue general characters of the class Insecta are familiar 
to every student of Zoology. Among this vast assemblage 
of animal forms, there is an obscure group of great 
phylogenetic importance possessing certain definite 
characters which separate it from the other members of 
that class. Until comparatively recently, it has been 
customary to regard this group as constituting a single 
order, viz., the Aptera, and the latter was divided into the 
two sub-orders Collembola and Thysanura. It was in the 
year 1885 that Brauer recognised that the Aptera 
possessed characters which merited their being raised to 
something more than ordinal rank. He, therefore, 
proposed to call them Apterygogenea in contradistinction 
from the rest of the Insecta, which he termed 
Pterygogenea. The investigations of the last thirteen 
years all tend to establish Brauer’s contention. In 
preference, however, to his terms, the shortened names of 
Apterygota and Pterygota are in more general use. 

The following characters, taken collectively, 
separate the Apterygota from the rest of the Insecta or 
Pterygota :— 

(1) The absence of any true process of metamorphosis. 

(2) The total absence of wings. 

(3) The presence of an evident pair of mouth-parts, 

the maxillule, intercalated between the 


mandibles and first maxille. 
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The Apterygota are the most generalized of all 
Insecta, and in their external form they resemble the 
larve of many of the Pterygota, or transient stages 
in the larval development of others. A very marked 
characteristic of the group is the existence of abdominal 
appendages, either in the form of terminal processes at 
the end of the body, or as processes in relation with the 
sterna of the abdominal segments. The mouth-parts are 
mandibulate, except in the few instances where they have 
become imperfectly suctorial. 3 

It is true that wingless forms are by no means of 
infrequent occurrence among other groups of Insecta, but 
in them the apterous condition is a secondary acquisition, 
and not an ancestral character, as is the case in the 
Apterygota. Furthermore, maxillule may also be present 
in other insects, but in the few instances where such 
are known to occur they are found only in a vestigeal 
condition. 

The Collembola and Thysanura each possess certain 
very marked characters, and are best regarded as two 
separate orders of insects. 

The CoLLEmBoLa are popularly known as “ spring- 


b) 


tails.’ In them the antenne have from four to six joints, 
and the abdomen consists of six segments and is never 
terminated by any appendages. The first abdominal 
segment always bears a ventral tube, and the fourth 
segment usually carries a springing organ. The mouth- 
parts are always sunk within the head, the nervous 
system consists of a brain and four ventral ganglia, and 
there are no Malpighian tubes. , 
The THysanura are commonly known as “ bristle- 
tails.’ They have many-jointed antenne, and the 
abdomen consists of ten segments and is provided with a 
variable number of pairs of short, unmodified hmbs. The 
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last abdominal segment is terminated either by caudate 
or forcipate appendages. A ventral tube is never present. 
The mouth-parts may, or may not, be sunk within the 
head, the nervous system consists of a brain and ten 
or eleven ventral ganglia, and Malpighian tubes are 
generally present. 

The relations of the Collembola to the rest of the 
Insecta are shown in the table on p. 358. 

The Collembolan described in the present Memoir is 
a convenient insect to study, as it can be obtained in 
plenty in various localities scattered around the coasts of 
the British Isles. According to Plateau it was first 
discovered in Denmark by Strém, who named it Podura 
ambulatoria cauda carens. It was afterwards found in 


Normandy by Guérin-Ménneville, who, in 1836, re-named | 


it Achorutes maritumus; Nicolet, however, refers to it as 
Anoura marituma. In 1864 Laboulbéne erected for its 
reception the genus Anureda, but in Lubbock’s ‘ Mono- 
graph of the Collembola and Thysanura” it is described 
as Lipura maritima. At the present day its nomenclature 
has become settled, and it is now universally known as 
Anurida maritima. 

Those who have not the opportunity of working at the 
sea-side can use with advantage the common Podura 
aquatica as a substitute for Anurida. Podura is a very 
plentiful species in many parts of Britain, and is to be 
sought for on the surface of the water of wayside ponds 
and ditches. 


Il. BIONOMICS. 


Anurida maritima is a dark blue-black insect measur- 
ing 2-3mm. in length. The individuals seen in fig. 2 show 
the general appearance of the species to the naked eye, and 
will aid in recognising it as it crawls about on the sea-shore. 


358 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


A. APTERYGOTA. 


1. COLLEMBOLA. 
Spring-tails. 

2. THYSANURA. 
Bristle-tails. 


B. PTERYGOTA. 


3. DERMAPTERA. 
Harwigs. 

4, ORTHOPTERA. 
Cockroaches, Locusts, 
Crickets, etc. 

PLATYPTERA. 
Book-lice, Termites, 
Stone-flies, ete. 

6. THYSANOPTERA. 
Thrips. 

7. PLECTOPTERA. 
Mayflies. 

8. ODONATA. 
Dragonflies. 

9. HEMIPTERA. 

Bugs, Cicadas, 
Green-fly, etc. 

10. NEUROPTERA. 
Alder-flies, 
Lacewing-flies, ete. 

11. COLEOPTERA. 
Beetles. 

12. TRICHOPTERA. 
Caddis-flies. 

13. LEPIDOPTERA. 


Or 


Butterflies and Moths. 


14. DIPTEeRa. 
Flies, Fleas, 
Sheep-ticks. 

15. HYMENOPTERA. 


Ants, Bees, Wasps, Saw- 


flies, &e. 
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HoMOMORPHA. 


Young animal re- 
sembling adult in 
general form but 
distinguished by the 
absence of wings 
and external genital 
armature. 


HETEROMORPHA. 


Larve differing 
very greatly from 
the adults and al- 
ways passing into 
a pupal stage. 
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The habits of Anurida have been observed by the 
present writer principally on the shores of Port Erin Bay 
in the Isle of Man.* About the rock-pools in that locality, 
when the tide is low and the weather calm and bright, 
numbers of this insect are generally to be seen. It may 
be found both on the surface of the water and on the 
surrounding rocks and weed. Anurida, unhke the 
majority of the Collembola, is unable to perform any 
leaping movements on account of the atrophy of the 
springing-organ, and it is only capable of a moderately 
active crawling motion. Those individuals which are to 
be seen floating on the rock-pools are only able to walk 
over the surface-film while the water remains motionless. 
When, however, the slightest ripple arises they become 
drifted about from one part to another in a helpless con- 
dition until they are enabled by chance to cling to the 
sides of the pools and crawl out on to the surrounding 
rocks and weeds. Frequently numbers get blown together 
into little groups on the surface of the water, and the 
individuals composing them may be seen actively crawling 
over one another and apparently endeavouring to reach 
the shore. Sometimes these groups are of a considerable 
size and may consist of a hundred, or more, individuals. 
There is every reason to believe that their occurrence on 
the surface of the water is not due to the insect voluntarily 
resorting to that medium, but that it is merely the result 
of accident. Numbers of the insect frequently fall juto 
the pools in their attempts to climb steep rock surfaces, 
and also very many get blown thither by gusts of wind. 

When the weather is cold and stormy, or otherwise 
unfavourable, very few Anurida are to be found, and 
often they appear to be absent altogether. At these times 


* On the Continent the habits of the insect have been studied to 
some extent in France by Laboulbéne (2) and Moniez (4). 
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they seek shelter under weeds, or ensconce themselves in 
crevices among the rocks or in crannies and niches 
between the encrusting barnacles, and specimens are then 
to be obtained only after a careful search. 

The distribution of this insect about Port Erin Bay 
is confined to a tolerably definite zone of the sea-shore. 
The insect does not wander above the high-water mark of 
ordinary tides, neither does it appear to venture further 
seaward than about half-way between that limit and the 
Laminarian zone. ; 

It is plentiful durmg spring and summer, but 
towards autumn it becomes more sluggish in its habits 
and decreases in its numbers. In winter it is not often seen. 

As the tide rises Anurzda retreats far into the niches 
in the rocks, where it is able to withstand submersion for 
a considerable period twice each day. Since the average 
tide in Port Erin Bay is about fifteen and a half feet, it 
would be immersed to a depth of about eight feet. The 
rocks round the shore of that locality are very markedly 
jointed, and it is in the crevices of these joints that 
Anurida seeks refuge from the incoming tide. An 
abundant supply of specimens can usually be obtained by 
following down the retreating tide and examining the 
rocks as they become uncovered. Since the insects work 
their way into the crevices often to a depth of four or five 
inches, it is necessary to split open the rock with the aid 
of a hammer and a stout steel chisel. In suitable chinks 
as many as several hundred Anurzda will sometimes be 
found congregated together and, strewn about the 
crevices among them, there are usually to be seen numbers 
of their exuvize, which appear like minute white flakes. 
The relatively large orange-yellow eggs of the species, 
arranged in little irregular clusters, are often to be met 
with at the same time. | 
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If a specimen of the insect be examined with a hand 
lens, it will be seen to be covered with a coating of whitish 
hairs. When the animal is submerged under water, a 
sufficient supply of air 1s retained by this hairy coating to 
enable respiration to go on freely for a considerable 
period, and at the same time it renders the insect 
incapable of being wetted. In order to test the truth ot 
this, it is only necessary to take a few specimens and place 
them in a deep glass vessel together with some sea-water. 
If the vessel be shaken sufficiently, the animals will 
become submerged below the surface of the water, and 
each individual will then be seen to be enveloped in a 
elistening coat of air. When once they are submerged 
they are unable to reach the surface again, and they 
crawl aimlessly about the bottom of the vessel. The 
animals thus treated remained active for four and a half 
days whenever the vessel was shghtly shaken. On the 
fifth day they had used up all the air investing them, and 
on the sixth day scarcely any movement was noticeable 
among them, and they appeared to be in an asphyxiated 
condition. On the seventh day they seemed to all 
purposes to be quite dead. 

In sandy localities Anwreda resorts to burrowing for 
protection from the incoming tide. In the neighbourhood 
of Rhyl, North Wales, it occurs plentifully at low water 
about the sands and on the surface of the pools left by 
the retreating tide among the depressions and inequalities 
in the shore. Since there are no rocks or other means of 
shelter at hand, the insect has to bury itself in the wet 
sand as the tide rises and to remain there until the next 
ebb. It also appears to live under somewhat similar 
conditions at Tréport in Normandy, for im that locality it 
is mentioned as frequenting the mud at the mouth of a 
rivulet. About the sandy beach on the north side of 
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Long Island, Mass., there are found, according to 
Davenport, (1) three species of Collembola belonging 
to as many genera. Anurida, however, is the least 
common among them in that locality. Among other 
interesting observations, this author has proved that the 
Collembola burrow to escape from the flood tide; he 
remarks that, with a hand lens, he has observed them as 
they issue from the sand during the fall of the tide. 

In regard to the nature of the food of Anurda, 
Folsom (10) states that it feeds on the soft tissues of the 
Molluse Lxttorina littorea. Laboulbeéne (2) also stated 
that its food consists of the tissues of Molluses. He 
remarked:—‘ Les Achorutes [2.e., Anurida] mangent 
évidemment des petits Mollusques, si abondants sur les 
rochers submergés a la marée haute, car lorsque j’écrasais 
un de ces Mollusques pendant mes recherches, je voyais, 
au bout de cing ou six minutes, un bon nombre 
d’Achorutes qui se réunissaient sur cette proie, et, par ce 
moyen, je pouvais en prendre jusqu’a une douzaine a la 
fois.” In the experience of the present writer, its food is 
dependent upon the nature of the locality which it 
frequents, and, consequently, varies a good deal. In the 
rocky locality of Port Erin it subsists chiefly upon the 
dead bodies of various small marine animals, principally 
Mollusca and Crustacea. At times numbers of Anuwrida 
may be seen congregated around, and also inside, the 
shells of dead barnacles, actively engaged in feeding upon 
the remains of the latter. Vegetable matter appears also 
to enter into its food occasionally, for remains of Desmids 
and other green Algz may be found at times among the 
contents of the mid-gut. In barren, sandy localities the 
insect has to rely for its food upon whatever dead organic 
matter that is obtainable. 
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Ill. GEOGRAPHICAL DISTRIBUTION. 


Anurida maritima has been recorded from a number 
of localities scattered all around our British coasts. It 
appears to be abundant in the neighbourhood of Penzance 
and Land’s Hnd (Marquand, 75), it also occurs at 
Plymouth (Parfitt, 80), and the present writer has met 
with it sparingly at Torquay. On the coasts of Wales it is 
known from Gower, Nevin and Llandudno,* and it is also 
common on the broad stretches of sand in the neighbour- 
hood of Rhyl. On the west coast of Scotland it is 
described as being common among seaweed-covered rocks 
at Peaton, Loch Long (Evans, 60); it is also found on the 
shores of Ayrshire and Buteshire (Boyd, 52). On the east 
coast Lubbock (Lord Avebury) meutions it from St. 
Andrews, and it is plentiful about the shores of Hast 
Lothian at Aberlady and North Berwick (Carpenter and 
Tivans, 57). In the Isle of Man it is abundant among the 
rocks on the north side of Port Erin Bay, and can also 
be met with at Poolvaish near Castletown. In Ireland it 
occurs on the east, south and west coasts (Carpenter and 
vans), and Lubbock mentions having received it from 
Kinsale. 

On the continent of Europe Anurida is plentiful in 
France at Tréport, Havre, Boulogne and other places, 
together with the Channel Isles. It has also been recorded 
from Holland, Belgium, Denmark, Heligoland and 
Scandinavia. 

In North Americat it is reported from the Atlantic 
coast from Cape Ann, Annisquam, Long Island, New 
* For these localities, the writer is indebted to Dr. D. Sharp, F.R.S., 

for Gower, and to Mr. F. A. Potts for Nevin and Llandudno, 

+ Packard (79) states that the American examples of Aiurida 


have been examined by Lubbock and found to be identical with the 
European form. 
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Haven, Nantucket and Wood’s Holl, and it extends as far 
south as the shores of Florida. 

From the above remarks it will be noted that Anurzda 
maritima 1s a form ranging into both the Palearctic and 
Nearctic regions. This wide distribution of an animal 
with practically no means of self-dispersal is remarkable. 
Folsom (63) believes that marine currents have been the 
principal agents for its distribution. They would 
certainly account for its presence on the barren rocky 
islands off the Scandinavian coast and at Heligoland and 
the Isle of Man. 

An allied terrestrial species, Anurida (A phoromma) 
granaria (Nic.), has likewise a very wide geographical 
distribution. It has a very extensive range in Europe, 
being known from Great Britain, France, Scandinavia, 
the Tyrol and Bohemia, and it is also recorded in Arctic 
regions from Spitzbergen, Franz-Josef Land and North 
Siberia. A. tullbergr, Schott, which frequents the surface 
of ponds of fresh water, is found in northern Hurope and 
has also been recorded from the United States. Another 
species, A. clavata, Schaff., is found in Tierra-del-Fuego ; 
A. amorita, Fols., is known from Alaska and Siberia, and 
A, steinend, Schaff, is a South Georgian species. 


IV. —_MORPHOLOGY. 
1. GENERAL FEATURES OF EXTERNAL ANATOMY. 


The general appearance of Anurida when viewed 
under the lower power of the microscope will be seen on 
referring to fig. 1. As im all insects, the body consists of 
three well defined regions, viz., the head, the thorax and 
the abdomen. Its exo-skeleton is but feebly chitinised, 
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and consequently the different regions do not exhibit the 
complex differentiation into the various sclerites which is 
seen among the Pterygota. 

The head (fig. 4) is relatively large in size and has 
its long axis disposed in the same plane as the rest of the 
body. In form it is somewhat triangular, and it is con- 
siderably flattened, as if it had been compressed in the 
dorso-ventral direction. In the mid-dorsal region of the 
head there is situated a very prominent elevation, shaped 
rather lke an inverted isosceles triangle having each of its 
angles truncated. From the antero-lateral corners of this 
protuberance arise the antenne, and on either side of it 
is a well-marked oval elevation, bearing on its surface a 
eroup of glistening black dots. These dots are the eyes of 
the animal (figs. {and 5); they are five in number on each 
side. A curious circular sense organ, known as the post- 
antennal organ (p.a.o. in figs 4 and 5) les on each side 
just in front of the protuberance just mentioned. The 
labrum and clypeus (fig. 15) jut forwards in front of the 
head somewhat in the form of a beak; they form the roof 
of the pharynx and somewhat overhang the mouth. The 
antenne are relatively short, being scarcely as long as the 
head; they each consist of four joints, the second being 
the largest. The articulation between the third and fourth 
joints is but imperfectly developed, and is only visible on 
the ventral aspect (fig. 3). The extremity of each 
antenna is abundantly clothed with hairs, and situated 
among the latter is a minute trilobed sense-organ (fig. 7) ; 
a short distance below this structure are several patches of 
modified cuticle (s’.o’.) which may perhaps also be of a 
sensory nature. The mouth is slightly ventral in position ; 
it is bounded dorsally by the labrum, ventrally by the 
labium, and its sides are formed by the oral folds which 
are prolongations of the sides of the head, The ventral 
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region of the head appears to be formed almost entirely 
by the second maxille or labium. 

The thorax consists of three segments, viz., the 
prothorax, the mesothorax and the metathorax (figs 1 
and 3), the first bemg the smallest division of the three. 
The three pairs of legs differ in no important features 
from one another. ach leg is six-jointed and terminates 
in a single claw, which, in the majority of individuals, is 
armed with a small tooth on its inner margin (fig. 9). 
Tarsi are absent in all Collembola, and, consequently, the 
joint with which the claw articulates corresponds with 
the tibia of other insects. 

The abdomen consists of six segments, the third 
segment being greatly enlarged. On the ventral aspect 
of the first segment is situated a prominent bilobed papilla 
known as the ventral tube (v.t. in fig. 3). This organ is 
the most characteristic of Collembolan structures, and it 
varies a great deal in the degree of development to which 
it attains in various genera. There arises from a point in 
the mid-ventral line of the head a narrow furrow, which 
is termed the ventral groove or linea ventralis (fig. 3) ; 
this groove is traceable backwards, passing between the 
bases of the legs to the anterior aspect of the ventral tube, 
where it terminates (Plate IV., fig 36). As. will be 
explained in a later chapter, the secretion of two pairs of 
glands situated in the head flows down the ventral groove 
and discharges over the surface of the ventral tube, which 
it serves to moisten. The genital aperture is situated on 
the ventral surface of the fifth abdominal segment near to 
its posterior margin, and on the sixth and last segment is 
situated the anus (fig. 3). The latter is surrounded by 
three papille, one of which is median and dorsal, and the 
other two ventro-lateral. 

There is no sexual dimorphism among the Collembola, 
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and the only difference between the sexes in Anurida is 
. that the females are, as a rule, somewhat larger and more 
bulky than the males and, moreover, the ripe ovaries 
usually show through the lesser pigmented cuticle on the 
ventral side as a pair of yellow patches. By the latter 
character the females can generally be recognised with a 
hand lens. 


2. INTEGUMENT AND COLOURATION. 


The integument consists of (a) the chitinous cuticle, 
(6) the hypodermis or chitogenous layer, and (c) a base- 
ment membrane (vide Plate II., figs. 16 and 17). 

The cuticle varies slightly in thickness in various 
parts of the body, being thinner on the appendages than 
elsewhere. It is quite colourless, and its surface is thickly 
studded with minute, somewhat conical tubercles, which 
are very evenly spaced apart (fig. 6). Over the apex of 
the labium these tubercles are replaced by irregular 
protuberances of the cuticle, but all transitions are 
observable between the two (fig. 12). On the labrum the 
tubercles are also modified, and they exhibit a tendency 
to be arranged in horizontal rows (fig. 13). The 
tubercles are absent from the inner aspect of the basal 
half of each of the legs, and scattered over the abdomen 
are numerous small areas from which they are likewise 
wanting; these latter areas correspond with the positions 
of insertion of the tergo-sternal and other muscles 
(Plate VI., fig. 60). The cuticle, when viewed in very 
thin sections, is seen to consist of two layers, the line of 
separation between them passing just below the bases of 
the tubercles. These layers are best differentiated in 
preparations stained with Mann’s methyl-blue-eosin, 
when the inner stratum of the two stains a brilliant blue, 
while the outer one has a stronger affinity for the 
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eosin and appears pinkish in colour (figs. 16 and 17). 
Interspersed among the tubercles are numerous hairs, some 
of which are small and pilose, while others are larger and 
stouter and rather of the nature of sete. The latter kind 
are specially prominent about the sides of the head and 
on the lateral margins of the abdominal segments (figs. 
land 5). Both kinds of hairs arise from a circular base 
(fig. 6), which, when viewed in section, is seen to be in 
reality a cup-like depression in the cuticle (fig. 17). 

The hypodermis, or chitogenous layer, is everywhere 
of the nature of a syncytium, no cell boundaries being 
distinguishable. Its cellular nature is evident, however, 
by the presence of numerous large oval nuclei. It contains 
a great quantity of a very dark indigo-blue pigment 
(p. in fig. 16), and it is to this material that the 
colouration of the animal is due. The pigment is 
deposited in the form of minute granules and, except im 
very thin sections, it appears black, and frequently 
greatly obscures the nuclei. On the ventral aspect of the. 
body, which is less exposed to the influence of light, the 
pigment is not quite so abundant as in other parts. When 
a number of freshly-caught examples of Anurida are 
placed in a small quantity of strong alcohol a little 
of the pigment becomes soluble in the latter and imparts 
to it a faint bluish-green tinge. The bulk of the 
pigment, however, appears to be incapable of being 
extracted by most of the ordinary reagents. It is not 
dissolved out by water, neither does ether nor strong 
hydrochloric acid affect it, and Fernald (8) remarks that 
when sections of the animal were treated with 45 per cent. 
nitric acid for ten minutes the latter failed to remove the 
pigment. Weak-solutions of strong alkalies turn it a 
bright reddish colour. Distributed at intervals in the 
hypodermis are large, pear-shaped cells (h. ced/. in fig. 17), 
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which are situated not far from the bases of the hairs. 
They are the trichogenous or hair-forming cells; their 
positions are easily recognised by their very large 
nuclei. 

The basement membrane (6.m. in figs. 16 and 17) is 
an extremely thin and apparently structureless layer; it 
is easily seen in preparations stained with methyl-blue- 
eosin, and appears bright blue. 


.8. Tar Mouts Parts. 


The structure and development of the mouth-parts of 
Anurida have formed the subject of an elaborate paper 
by Folsom (10), and much of the following account is 
based on his memoir. 

They consist of (1) the labrum or upper lip, (2) the 
mandibles, (3) the maxillule, (4) the lingua or tongue, 
(5) the first maxille, and (6) the second maxille or 
labium. 

The principal mouth-parts are remarkable in that they 
are deeply insunk within the head-capsule and in that they 
are capable of being partially protruded from it when 
in use (Plate V., fig. 52). This deep-seated position of 
the mouth-parts is a secondary condition, and has been 
brought about in the following manner. In the embryo 
the sides of the facial region of the head develop from 
two lateral evaginations of the germ band. These 
evaginations eventually fuse with the developing 
fundaments of both the labrum and labium, and in this 
way form a kind of enclosing box which, by further 
growth, comes to surround all the remaining mouth- 
parts. By this means, the latter appear im the adult 
insect as if they were deeply pushed back into the cavity 
of the head. This condition of the mouth-parts is 

AA 
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eminently characteristic of the Collembola and, with the 
exception of certain Thysanura, it is found nowhere else 
among insects. | 

The labrum (fig. 13) forms the dorsal or anterior wall 
of the mouth-cavity. It is seen to be somewhat 
rhomboidal in form, and on its dorsal surface are 
distributed some stiffish hairs, which are probably of a 
sensory nature. Situated immediately behind the labrum 
is the clypeus (clyp.), which is separated from it by means 
of a flexible suture. This suture functions as a hinge, 
and admits of a certain amount of movement for the 
labrum in the vertical plane. Posteriorly, the clypeus is 
separated from the epicranial region of the head by a 
shallow groove, while laterally 1t merges into the sides 
of the head (p/.). The posterior or pharyngeal surface of 
the labrum is lined with a soft membrane; the latter, 
however, does not exhibit any special chitinizations, 
either in the form of hairs or gustatory organs, etc., 
which would constitute an “ epipharynx.”’ 

The mandibles (figs. 11 and 15) are elongate tubular 
structures, which are flattened and somewhat expanded at 
their apices and provided with five sharp teeth, of 
which the last is the largest. At the base of each 
mandible is situated a large opening (Plate I1., fig. Lo, 
cav.) through which muscles pass to be inserted on the 
walls of the mandibular cavity. With the exception of 
its basal attachment, each mandible lies free within a 
pocket-like evagination of the pharynx (Plate IV., 
fig. 85). The mandibles of Anurida differ from the usual 
Collembolan type in the absence of a masticatory surface. 
This feature is correlated with the soft and unresisting 
nature of the food in this species, which necessitates 
rather the use of a cutting edge than a  erushing 
suriace, 
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The maxillule* (figs. 11 and 14) are intercalated 
between the mandibles and the first maxille. They are 
situated immediately dorsad of the lingua, to which they 
are closely applied. In form the maxillule are broad 
and plate-like, but are feebly chitinised and relatively 
delicate structures. Along their anterior borders they 
are finely serrated, and they each bear a tooth-like 
projection at their outer angles. Unlike the first 
maxilla, at no stage in their development do the 
maxillule exhibit any indications of a differentiation 
into a galea and lacinia, neither are there any traces of 


palpi. 

The lingua or tongue is a median unpaired structure, 
and is moderately strongly chitinised (figs. 11 and 14). 
Tt has a paired appearance owing to being lobed 
anteriorly and in being grooved dorsally down the middle 
line. Posteriorly, the lingua rests on two strong 
chitinous props, which are termed the lingual stalks 
(ling. st.). The latter structures are not, sensu stricto, parts 
of the tongue ; they are developed as longitudinal thicken- 


* Most writers on the Collembola have referred to these organs 
as paraglosse. The latter name, however, is undesirable since it 
renders them liable to confusion with parts bearing the same name 
in the second maxille of the Pterygota. Hansen (Zool. Anz., 1893) 
was the first to recognise that they represented a complete and separ- 
ate pair of gnathites and he termed them mazxilule. Seven years 
later the embryological work of Folsom (10) definitely established the 
truth of Hansen’s conclusions. On account, however, of their 
intimate relations with the lingua, Folsom named them swperlingue. 
In the generalized Collembolan Jsotoma palustris Carpenter has 
recently shown (Proc. Roy. Irish Acad., 1903, vol. xxiv. ser. B. p. 325) 
that the maxillule are of a very primitive nature, each being sub- 
divided into a galea and lacinia which have become lost in Anurida. 
Among the Thysanura the maxillule are likewise differentiated into 
a galea and lacinia, and a palp is present in addition. In the Pterygota 
these gnathites have, as yet, been very little studied and they appear 
to be either greatly reduced and very intimately associated with the 
lingua or tongue (Orthoptera and Plectoptera) or atrophied altogether. 
In the earwig-like genus Hemimerus the maxillule appear to approxi- 
mate to the apterygote condition very closely (Hansen, Hint. Tidskr., 
1894, p. 65). Folsom (10) regards the ‘‘hypopharynx’’ of the 
Pterygota as being a composite structure formed by a fusion of the 
maxillulz with the tongue. 
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ings of the maxillary pockets, which acquire a secondary 
connection and ultimate fusion with the lingua. 

The first maxille (figs. 11 and 14) each consist of an 
apical portion or “ head,” which articulates by means of a 
hinge joint with a long stalk-like stipes (st.). Each stipes 
in its turn articulates with a shorter piece, which is 
termed the cardo (car.), whose opposite extremity is 
attached to the proximal end of the lingual stalk of its 
side. The “head” of the maxilla consists of three parts. 
The uppermost of them is a thinly chitinised mem- 
branous lamella, which is finely serrated along its inner 
margin and appears to correspond to a greatly modified 
palp (plp.). Underneath the palp is situated the galea 
(gal.);it 1s the most massive piece of the three, and is 
armed with strong teeth. The third piece is the lacinia 
(Zac.), which very closely resembles the palp in form, but 
is rather more deeply toothed. The existence of a palp in 
the adult insect seems to have been overlooked by Folsom, 
notwithstanding the care with which he studied the 
mouth-parts and the fact that it has been figured by 
Fernald (8, pl. xlviu., fig. 9). The latter author, however, 
made no suggestion as to its homologies. Its presence in 
the embryo Anurzda is described and figured by Folsom, 
who adds that in the newly-hatched insect no trace of a 
palp can be made out, and he concludes that it must have 
been resorbed. The palp is frequently difficult to make 
out as it usually hes closely apposed to the sides of the 
galea, and in this position it is easily overlooked on 
account of its extreme transparency. Like the mandibles, 
each maxilla lies in a separate pharyngeal pocket, which 
is situated somewhat ventrad of the mandibular pocket of 
its side (Plate IV., fig. 35). 

The second maxille or labium form practically the 
whole of the ventral region of the head. Although they 
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develop from paired fundaments in the embryo (Plate 
VIL., fig. 75), almost all traces of such an origin become 
obliterated in the completed structure. Its distal 
extremity, however, is seen to consist of two halves, which 
are in close contact with one another along the mid- 
ventral line without being fused together (fig. 12, /b.). 
Hach half is to be regarded as the equivalent of an 
undifferentiated galea and lacinia. Labial palpi are 
present in the embryo, but they subsequently become 
resorbed. The remaining portion of the labium extends 
from the suture to the anterior margin of the pro- 
thorax, and would appear to be the equivalent of an 
undifferentiated mentum, sub-mentum, and gula. 

While feeding is taking place, both the mandibles 
and first maxille are protruded from their pockets for 
the purpose of seizing the food, and they can be seen with 
the aid of a strong lens to be projecting a short distance 
through the mouth. By means of the retraction of these 
parts, aided by the movements of the labrum and labium, 
the food is taken into the mouth. Mastication is chiefly 
performed by the combined action of the mandibles and 
first maxilla. The part played by the maxillule appears 
to be a more or less passive and subsidiary one, for, since 
they are closely applied to the lingua, they possess but 
little power of movement. When the food is finely 
comminuted, it is sucked up into the cesophagus by means 
of the alternate contraction and expansion of the radial 
and circular muscles of the pharynx. 


4. Tuer DIGESTIVE SYSTEM. 


The digestive system is divisible into three well- 
defined regions, viz., the fore-gut, the mid-gut or stomach, 
and the hind-gut. It passes in a perfectly straight course 
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from the mouth to the anus, and is remarkable on account 
of its extremely simple structure. With the exception of 
a pair of salivary glands there are no accessory organs in 
association with it. 

The fore-gut consists of the pharynx and the 
esophagus. The pharynx is a capacious cavity and 
occupies about one-sixth of the total length of the fore- 
gut. Its dorsal or anterior wall is formed by the labrum 
and its ventral wall or floor by the labium or lower lip 
(Plate III., fig. 27). The pharynx is evaginated into four 
backwardly directed pockets, two on either side for the 
reception of the mandibles and first maxille (Plate IV., 
fig. 35). ‘The hngua occupies a median position in the 
floor of the pharynx, and the maxillule are closely applied 
to the upper surface of the former. 

The cesophagus is a narrow tube of a very uniform 
calibre throughout its length (Plate III., fig. 27). At the 
point where it joins the mid-gut it projects for a short 
distance into the cavity of the latter in the form of a 
papilla (Plate III., fig. 28). The lumen of the esophagus 
is roughly H-shaped in transverse section, owing to four 
inwardly directed bulgings of its epithelal walls (fig. 29). 

The walls of the fore-gut consist of three layers; the 
Imnermost is a chitinous intima, the middle one is an 
epithelium, and the outer one is muscular. The chitinous 
lining, which is secreted by the underlying epithelial 
layer, is continuous with the cuticle of the integument. 
It is very thin and, with the exception of a few scattered 
tooth-like projections in the region of the pharnyx and 
the anterior part of the csophagus, its surface is perfectly 
smooth. Whether the epithelial layer is of the nature of a 
true epithelium or not is uncertain. It has not been 
possible to detect any cell-boundaries even after a 
prolonged treatment of sections with suitable staining 
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reagents; it appears as a syncytium containing oval nuclei 
dispersed at frequent intervals, and is similar in its 
structure to the hypodermis, with which it is directly con- 
tinuous (figs. 27 and 28). As Fernald remarks, there are 
slight depressions in the chitinous lining which alternate 
in position with the nuclei and may perhaps indicate the 
boundaries between adjacent cells. Hxternally, the 
epithelial layer rests on a delicate basement membrane 
(6. m. in fig. 29), and immediately outside the latter is a 
strongly developed layer of circular muscle fibres (figs. 27, 
28 and 29). The structure of these fibres is remarkable ; 
they are all cross striated, and each fibre is in the form of 
a ring completely encircling the gut, with its two ends 
meeting in the mid-dorsal line. The sarcoplasm of each 
fibre les wholly external to the contractile substance, 
and in it is situated the nucleus of the fibre (fig. 29). The 
nuclei of the fibres are all situated in the dorsal line, and 
they form a continuous row, stretching right along the 
fore-gut. Hach muscle fibre is invested externally by an 
extremely delicate sarcolemma (slmma in fig. 29). 

In relation with the pharynx and a small tract of the 
adjacent portion of the esophagus a remarkable system 
of radial muscles is developed and, furthermore, the 
circular fibres are more strongly developed in this region 
than elsewhere. These muscles fall into two groups, 
viz., a dorsal or anterior series and a ventral or posterior 
series (Plate III., fig. 27). The muscles forming these 
two groups take their origin in the cuticle of the body 
wall. Those of the dorsal series cross the cavity of the 
head in an oblique direction and, passing between the 
circular fibres, attach themselves to the chitinous intima 
of the gut. In the case of the ventral series, they cross the 
head cavity in the horizontal plane, and converge to 
become inserted into the tentorium. A similar system of 
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radial muscles occurs in Tomocerus, Orchesella and other 
Collembola; they are termed the dilatores pharyngii, and 
act in conjunction with the circular fibres and convert the 
pharynx into a kind of pumping organ. 

The mid-gut commences in the posterior end of the 
prothorax, and extends backwards into the fourth 
abdominal segment, where it is joined by the hind-gut 
(Plate IV., fig. 35). The lumen of the mid-gut is 
practically circular in section, but its diameter narrows 
considerably in the posterior fourth of its course. In 
regard to its structure, it is very uniform throughout its 
length, and its walls consist of a layer of large epithelial 
cells resting externally on a relatively stout tunica 
propria, and on the outside of the latter is a system of 
circular and longitudinal muscle fibres, both of which are 
markedly striated (Plate V., fig. 49, and Plate VL, fig. 61). 
The epithelial layer consists of a row of very regular 
cubical cells, which have a tendency to become somewhat 
columnar. The boundaries between adjacent cells are 
best seen towards the posterior region of the gut; over 
the rest of the area they vary greatly in their degree of 
definition, and for the most part are hard to distinguish, 
but their distinctness depends a good deal upon the 
particular phase of physiological activity the cells happen 
to be in at the time of killing and fixation. Each cell 
contains a large oval or rounded nucleus situated near to 
its centre; the chromatin granules of the nucleus are 
congregated together into several large masses (figs. 30 
and 49). Towards the base of each cell there is, as a 
rule, a deeply-staining granule of chromatic material 
(ch. b in fig. 30); the significance of this body is 
unknown. The free margins of the mid-gut cells have a 
finely striated appearance, which forms a “ striated hem ‘ 
or “ Harchensaum ” (hs. in fig. 30). 
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Fernald has described a process of regeneration which 
takes place in the mid-gut cells, but it has not been possible 
to confirm his observations with any degree of certainty. 
He remarks that “The nuclei of the epithelium divide, and 
one of the two that are thus formed in each cell passes 
towards the free face of the cell, while the other passes 
towards its base. The cells’ walls now become indistinct 
and delamination occurs, the outer half of each cell being 
thrown off. These moulted cells collect in the lumen of 
the gut, and remain there until the chitin of the 
remainder of the body is thrown off, when this is also 
removed from the body. The outer edges of the cells 
remaining form a new ‘Harchensaum,’ and resume 
their normal condition” (8. p. 455). A somewhat similar 
process of moulting or regeneration of the mid-gut cells 
has been described by Sommer in T'omocerus (Macrotoma) 
(23), and by Prowazek in /sotoma (21). 

The musculature of the mid-gut consists of two layers, 
an outer longitudinal and an inner circular set (Plate V., 
fig. 49, and Plate VI., fig. 61). The circular fibres each 
consist of a single greatly elongated cell, the opposite ends 
of which meet in the mid-dorsal line. Previous to uniting, 
the two ends of each fibre break up into their component 
fibrille or sarcostyles, and also receive contributions from 
adjacent fibres (Plate VI., fig. 61). The longitudinal 
fibres consist of greatly elongated cells placed end to end. 
The nuclei of both the circular and longitudinal fibres are 
hard to detect; they are very minute, and those of the 
circular muscles are principally dorsal in position. A 
fine membrane of connective tissue closely invests the 
outer surface of the muscle fibres, and also lines the 
rectangular spaces enclosed between them (fig. 30). 
Where the mid-gut joins the hind-gut its epithelium 
becomes greatly thickened, aud forms a ring-like bulging 
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which reduces the lumen of the gut at that point to 
less than one-third of its usual diameter (fig. 49). 
Surrounding the adjacent portion of the hind-gut is a 
strongly developed pyloric or intestinal valve, which is 
formed by the circular muscles at that point becoming 
enormously thickened (valve c. m.). 

The hind-gut extends from the posterior border of 
the fourth abdominal segment to the anus. It is lined by 
a perfectly smooth chitinous cuticle, directly continuous 
with that of the integument (cut. in fig. 49), and under- 
lying it is a cellular layer (A. g. epith.), which rests 
externally on a basement membrane (¢. p.). In the 
anterior third of the hind-gut its epithelial layer is 
greatly thickened, the nuclei are larger ‘and cell- 
boundaries are discernible; over the rest of its course 
this layer is relatively thin and of the nature or 2 
syncytium. Circular muscle fibres of the striped variety 
are well developed in relation with the anterior half of the 
eut, but they dwindle away as they proceed further 
backwards. The cuticular and epithelial lining of 
the gut is thrown into numerous folds and bulgings, 
but the circular muscles do not follow their course 
and large spaces are consequently left. (Plate IIL, 
fig. 31). These spaces are in free communication 
with the general body cavity between the muscles, 
and usually contain blood corpuscles. In addition to 
circular muscles, there is also a system of radial muscles 
in relation with the hind-gut; they fall into two groups, 
the dilatores recta and the dilatores ani (fig. 49, dil. rect. m. 
and dil. an. m.). The dilatores recti chiefly arise from 
the middle section of the gut, where it is considerably 
enlarged and forms a kind of rectal chamber. They 
cross the cavity of the fifth abdominal segment in dorsal, 
ventral, and lateral directions, and are inserted into the 
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cuticle of the body-wall. The dilatores ani are a similar 
series of muscles, situated immediately around the anus. 
The anus is situated on the last segment of the body, 
and is surrounded by three papille, the largest of which 
is median and dorsal and the other two ventro-lateral in 


position (Plate I., fig. 3, an.). 


5. Tue Muscuuar System. 


In order to explain the muscular system at all 
adequately a very lengthy description would be necessary, 
and such an account is beyond the scope of this Memoir; 
only its general features, therefore, will be referred to. 

The musculature of the abdomen may be broadly 
divided into three systems. Firstly, a series of longitu- 
dinal tergal muscles, which are arranged in the form of an 
outer and an inner set on either side of the dorsal vessel 
in each segment (/. ¢. m. in figs. 50 and 51). Secondly, 
and corresponding with these on the ventral side, a system 
of longitudinal sternal muscles (/. s. m.); and thirdly, a 
system of tergo-sternal muscles, some of which pass 
vertically and others obliquely from the tergum to the 
sternum in each segment (¢. s. musc.). 

In the thorax this general arrangement is adhered to, 
but it has undergone modification in conformity with the 
requirements of the mobility of the legs. 

In the head the musculature is very complex; it 1s 
principally concerned with the movements of the various 
mouth-parts. In addition to the usual muscles in connec- 
tion with those organs, there are special muscles for 
drawing the mandibles and first maxille forwards, and 
partially protruding them through the mouth, and there 
is also an antagonistic set for retracting these organs back 
again into the cavity of the head. In Anurida more than 
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twenty pairs of muscles can be made out in connection 
with the mandibles and the first and second maxille; the 
jaw muscles have been described in detail by Folsom for 
the Collembolan Orchesella, and the reader is referred to 
his paper (9). 

Excepting the circular muscle bands of the walls of 
the heart, the fibres of both the somatic and splanchnic 
muscles of Anurzda belong to the striated variety through- 
out. The principal muscles of the body consist of a large 
number of very small fibres, and the latter do not exhibit 
any tendency to be grouped together into bundles. When 
viewed in transverse sections (Plate IV., fig. 45) the central 
portion of each muscle is seen to be composed of a large 
number of fibres, which appear as deeply staining angular 
fields separated from one another by interstitial proto- 
plasm. The periphery of the muscle is formed of a thick 
layer of protoplasm, in which are situated one or more 
relatively large, oval nuclei. The whole muscle is 
invested externally by a limiting membrane or 
perimysium. In preparations treated with Heidenheim’s 
iron-alum-haematoxylin the minute structure of the 
muscles can be made out with great clearness, and in this 
respect the Collembola are very favourite subjects for the 
study of the histology of this tissue. The typical light 
and dark transverse stripes are seen with extreme 
‘sarcous elements ”’ are sub- 
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clearness; the dark bands or 
divided longitudinally into extremely fine lines, which are 
the interspaces between the fibrils or sarcostyles of the 
muscle (Plate VI., fig. 60). Each light stripe is seen to 
be bisected by an irregular transverse line (k.m.) which 
indicates the position of the transverse or Krause’s 
membrane; the segment of a sarcostyle contained between 
two transverse membranes constitutes a sarcomere or 
‘muscle segment.” By careful focussing by means of a 
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high power a transverse line can also be made out 
bisecting each of the dark bands, and is known as 
Hensen’s line. 

At the points where the muscles are attached to the 
cuticle the hypodermis undergoes some modification, and, 
moreover, the pigment is absent from those positions. In 
many instances the points of attachment of the muscles 
to the cuticle is indicated externally, for over such areas 
the characteristic tubercles are frequently not developed 

(fig. 60). 

The muscles of the walls of the alimentary canal 
consist of single fibres, and their structure is referred to 
in the account of the digestive system. 

In the head and thorax there are developed endo- 
skeletal structures for the purpose of giving a firm 
attachment to certain of the muscles. The endoskeleton 
of the head is known as the tentorium (Plate III, fig. 27), 
and consists of a chitinous plate lying parallel with the 
frontal plane, from which diverge two pairs of chitinous 
arms extending respectively to the dorsal and ventral 
integument of the head. Between the dorsal arms he the 
esophagus and supra-cesophageal ganglion above it, and 
the ventral arms embrace the infra-cesophageal ganglion 
(Folsom 10). To the tentorium are attached a great 
number of muscles, including the posterior or ventral 
group of the dilatores pharyngii, and many of the muscles 
moving the mouth-parts. In the thorax the endoskeleton 
consists of three apodemes, one to each segment, and which 
are termed respectively the antefurca, the medifurca and 
the postfurca. These give attachment to many of the 
muscles of the legs, as well as lending support to the 
nervous system, and take the form of chitinous pillars, 
which project upwards from the sterna and bifurcate into 


a pair of forks or arms (Plate IV., fig. 37). The medi- 
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furea and post-furca are better developed than the 
corresponding part in the prothorax. 


6, THe VentraL Tusre orn ABDOMINAL VESICLE. 


The ventral tube is a large papilla-like organ 
situated on the middle of the ventral aspect of the first 
abdominal segment (fig. 3). It presents a considerable 
range of variation, both in form and in degree of deyvelop- 
ment among various Collembola, but in Anurida it 
is relatively simple in structure and remains in a 
rudimentary condition. | 

As is demonstrated by its development, the ventral 
tube is formed by the fusion together of the pair of 
abdominal appendages belonging to its segment (wde 
text—fig. 1). It consists of a short basal column, 
which is divided distally by a median longitudinal cleft 
into two lobes or vesicles, and these latter are the only 
indication in the adult of the paired origin of this organ 
(Plate I[V., fig. 36). It is invested by the general cuticle 
of the body-wall, but where the latter is prolonged over 
the two terminal vesicles it becomes extremely thin and 
flexible, its tubercles are wanting and it is quite smooth 
(Plate II., fig. 21). In the structure of its walls it closely 
resembles the general integument of the body; they 
consist of a well-developed layer of hypodermis, but 
contain very little pigment and there is no basement 
membrane. Where the hypodermis lines the lobes or 
vesicles of the organ, it alters very considerably in 
character; certain of its cells being very large, elongated 
in a vertical direction, and tapering into a point (/.c.-in 
fig. 21). Each of these cells contains a large nucleus with 
abundant chromatin granules. 

Arising from the terminal lobes of the organ are 
several muscles; they pass down its central cavity and 
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converge towards one another to be inserted into the body- 
wall on either side (ret. muse. in figs. 21, 23 and 36). By 
means of the contraction of these muscles the distal lobes 
are capable of being withdrawn into the basal column 
when the organ is not in use. 

The cavity of the ventral tube is in direct communica- 
tion with the general body-cavity of the animal, and 
contains numerous blood corpuscles (0.c. in fig. 21), and 
it is by means of the pressure exerted by the blood that 
the protrusion of the vesicles is effected. When the organ 
is in a retracted state its cavity is shut off from that of the 
body of the animal by the contraction of the longitudinal 
sternal muscles, which are disposed in two bundles 
situated slightly to the outside of the organ on either side 
(l.s.m. in fig. 38). The effect of the contraction of the 
muscles is to approximate its anterior and posterior walls. 
When the full expansion of the organ is desired both its 
retractor muscles and the longitudinal sternal muscles are 
relaxed. The slackening of the latter set of muscles 
results in a sudden flow of blood into its cavity, and in 
virtue of the turgidity thus acquired its terminal vesicles 
are protruded to their fullest extent. 

With regard to the function of the ventral tube, 
there has been, and is still, a great diversity of opinion. 
Almost all investigators who have given any attention to 
the structure of the Collembola have made suggestions 
concerning it, and some of the views which have been put 
forward appear to rest on a very slender basis. By 
Kolenati (67) and Latreille* the ventral tube was 
believed to be the external generative organ, and Claypole 
(31) suggests the possibility of it being the relic of a 
former outlet of the reproductive organs. Burmeistert 


* Now. Ann. ad’ Hist. Nat., t. 1, 1832. 
+ Handbuch der Entomologie, 1838, 
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believed it to be an apparatus for affording additional 
support to the body. By Bourlett it was thought to 
serve to moisten the springing organ as well as 
serving as an adhesive organ on which the creature 
might alight after springing, thus lessening the effect 
of the shock of that movement. Reuter (22) looked 
upon it as being a kind of hydrostatic organ. 
He believed that the claws of the feet collected moisture 
from the hairs of the general surface of the . body 
and conveyed it to the ventral tube, which served to 
absorb it into the system. Sommer (23) believed it to be 
an adhesive organ, and suggested that it also performed the 
same service for the integument as does the preen gland 
for the feathers in Birds. Schott (93) maintained a 
somewhat similar opinion. 

The view which has received the widest support is 
the one which regards the ventral tube as being an 
adhesive organ enabling the insects to walk over smooth 
or steep surfaces. This opinion is upheld by Bourlet (in 
part), de Olfers (19) and Tullberg (96), who believed 
that its power of adhesion was brought about by 
means of suction. De Geer*, Nicolett and Lubbock, 
however, thought that the adhesive function was effected 
by means of a special secretion of the tube itself. Lubbock, 
who studied the action of the organ in Sminthurus, where 
it attains its greatest development, remarks that if one of 
these animals be laid on its back, and a piece of glass be 
brought within its reach, it will endeavour to seize it with 
the feet, but at the same time it will protrude one or both 
of the vesicles, emitting as it does so a minute drop of 
fluid, which, no doubt, enables it to obtain a better hold. 


t Mem. Soc. d’ Agric. du départment du Nord, 1841. 
* Abhandlungen. zur Geschichte der Insekten, Bd. vii., 1783. 
+ Recherches pour servir @ l’ histoire naturelle des Podurelles, 1841, 
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The view that the ventral tube is an adhesive organ 
which produces a glandular secretion is also upheld by 
Haase}, Uzel (38) and Prowazek (21), but these writers 
regard it as being only a secondary function of the organ, 
and assert that its principal significance is as an organ of 
respiration. The thinness of its investing cuticle, and the 
fact that it always contains a large amount of blood, 
adapt it for aerating the latter and, therefore, lend support 
to this contention. 

The two most recent investigators, viz., Willem (27) 
and Hoffmann (12) both agree in their opinion that 
though it may fulfil the secondary function of . being 
an organ of respiration, its main function is_ to 
serve as an organ of adhesion to aid the animal in 
climbing. These writers believe that the secretion which 
moistens the surface of the ventral tube is supplied by a 
pair of glands situated in the head. The ducts of these 
glands were first shown by Fernald to open by means of a 
small pore into the commencement of the ventral groove. 
Willem and Hoffmann believe that the secretion flows 
down the ventral groove aud reaches the ventral tube and 
bathes the surface of the latter. The observations of 
these writers are confirmed in the case of Anurida in the 
succeeding chapter in this Memoir. By keeping various 
Collembola in a damp chamber, and observing them 
climb steep and smooth surfaces, it can be made out that 
the primary function, at any rate, of the'ventral tube is 
that of an organ of adhesion. The present writer believes 
that it also plays an important part as a respiratory 
organ. Both Willem and Hoffmann regard the modified 
hypodermis cells lining the ventral tube (A.c. in fig. 21) 
as being simply ordinary hypodermis cells which have 
assumed an unusual form; while on account of their large 


t Die Abdominal-anhinge der Insekten, Morph. Jahrb., 1889. 
BB 
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size and the prominence of their nuclei they have been 
regarded by previous writers as being the glands which 
provide the secretion which moistens that organ. 


7. Tue CrerpHatic GLANDS AND VENTRAL GROOVE. 


In Anurzda three pairs of cephalec glands are present, 
two of which discharge their secretion into the ventral 
groove, and the third pair open into the buccal cavity and 
are to be regarded as salivary glands. Three pairs of 
cephalic glands have also been made out by Willem and 
Sabbe in Smenthurus (28), by Willem in Orchesella (26), 
and by Hoffmann in Tomocerus (12). 

The salivary glands of Anuwrida are lodged in the 
hinder region of the head, one on either side (Plate VL., 
figs. 63 and 65). They are composed of groups of acini, 
and each acinus consists of a group of eight or nine very 
large cells, which are disposed in a radial fashion around 
a central ductule (dil. in fig. 63). The cells of these 
glands have very large nuclei, rich in chromatin, and a 
considerable portion of the inner half of each cell is filled 
with a dense and compact mass of secretory granules 
(s.g.). The ductules are of very small calibre and are 
intra-cellular at their commencement ; a little lower down 
they converge and unite with those from neighbouring 
cells to form a fine canal, which becomes inter-cellular in 
structure. The canals from adjacent acini in their turn 
unite with one another to form the main duct of the gland. 
This duct (fig. 67) is composed of flattened cells, con- 
taining small elongate nuclei; both it and all other parts 
of the glands are invested internally and externally by a 
delicate membrane. The course of the duct is difficult to 
make out among the numerous other structures of the 
head, but it appears to converge with its fellow, from the 
opposite side, towards the median line and to approach 
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the lingua; it has not been possible, however, to detect 
the point where they open into the buccal cavity. Willem, 
who has specially studied these glands, states that in 
Sminthurus their ducts open on to the lingua on either 
side. He remarks as follows:—‘‘ Le conduit en question 
se rapproche de la hgne médiane de la téte en passant 
contre le pivot de la mandibule, puis cétoie obliquement 
la commissure perioesophagienne; sa derniére portion, a 
paroi chitineuse plus épaisse, est logeé dans une rigole de 
la base de V’hypopharynx; elle aboutit dans la cavité 
buceale sur le cdté de cet organe, un peu au-dessus de la 
région occupée par le bord superieur de la plaque molaire 
de la mandibule” (26, p. 655). According to him a 
similar arrangement prevails in Orchesella. 

The salivary glands are regarded by Willem as being 
a pair of metameric glands pertaining to the first maxille, 
and he bases this conclusion on the embryological 
researches of Uzel (38). He remarks that ‘‘ Morpho- 
logiquement, on doit les considérer comme des glandes 
métamériques appartenant au segment de la premiére 
maxille: la partie de Vhypopharynx ot aboutissent leurs 
conduits excréteurs se forme, en effet, au se dépens d’une 
protubérance médiane qui apparait chez l’embryon sur le 
premier segment maxillaire.” If this observation of 
Uzel be confirmed, the important generalization that the 
salivary glands of the Collembola are homologous with 
the shell glands of the Crustacea would be evident. The 
Crustacean shell glands open on the second maxillary 
segment, and it will be seen on referring to the table 
given on page 426 that the second maxille of the 
Crustacea are homodynamous with the first maxille of 
insects. 

Of the two pairs of glands which open into the 
ventral groove, the most important pair are known as the 
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tubular glands and the other as the globular or acinose 
glands. 

The tubular glands (Plate VI., figs. 63 and 65) are 
situated very near to the salivary glands in the hinder 
region of the head. Both the secretory and conducting 
portions of these glands are tubular im structure, and are 
inter-cellular throughout their course. The distinction 
between the two portions is very shght; in the glandular 
part the cells and their nuclei are rather larger than those 
of the duct. The ducts of opposite sides pass downwards 
and forwards close under the hypodermis of the ventral 
region of the head and, approximating towards one 
another, eventually open into a common chamber (fig. 
64). From the latter a short duct passes downwards 
in an oblique direction, and opens on to the exterior on 
the ventral surface of the head at the commencement of 
the ventral groove. The walls of the common chamber 
are invested with a layer of circular muscle fibres, which 
evidently have the power of controlling the flow of the 
secretion into the ventral groove. These fibres resemble 
in their structure those of the fore-gut, and consist 
(fig. 64) of a layer of sarcoplasm on the outside with the 
muscle substance lying wholly internal to it. 

The globular or acinose glands (figs. 65 and 66) are 
situated in the anterior region of the head, and close to 
the hypodermis on either side. They each consist of a 
group of cells, which are similar in structure to those of 
the salivary glands, and from them a fine duct passes 
forward and opens into the common canal or chamber in 
front of the ducts of the tubular glands. 

The ventral groove (Plate I., fig. 5, v.g.) arises close 
behind the suture (swt. in fig. 12) of the labium, and passes 
backwards in the median ventral line until it reaches the 
anterior aspect of the ventral tube, where it terminates 
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(Plate IV., fig. 36). At its commencement it is in the 
form of a closed canal (Plate II., fig. 26), which appears 
to have been developed by the union with one another 
of a pair of parallel ridges of the cuticle; traced 
further backwards, in the prothorax, the canal is 
incomplete, the ridges not having fused with one 
another ; in the metathorax each ridge has been folded on 
itself, and the two together form a pair of tubes with a 
groove or channel between them (figs. 24 and 26c), and in 
this condition it continues the remainder of its course on 
to the ventral tube. 

The secretions of the tubular and acinose glands flow 
down the groove to reach the surface of the ventral tube, 
which they serve to moisten. The fact that the ventral 
tube’ receives the secretion of cephalic glands was first 
ascertained by Fernald, and, although doubted by other 
investigators, it has been recently confirmed by both 
Willem and Hoffmann. Fernald, however, appears to 
have regarded what are here described as salivary glanas 
as being the glands which furnish the secretion, and what 
he has regarded as their ducts opening into the ventral 
groove, appear to be really the ducts of the tubular 
glands. 


8. THe NERvous SYSTEM. 

The nervous system consists of a chain of five ganglia 
united together by means of a double series of nerve 
cords or connectives (Plate IV., fig. 48). The first of these 
is the supra-cesophageal ganglion or brain; it is situated 
in the head immediately above the cesophagus (fig. 395). 
The remainder of the system forms the ventral nerve cord 
and lies beneath the digestive canal. It comprises a large 
sub- or infra-cesophageal ganglion, which is followed by 
three ganglia, lodged respectively in the prothorax, the 
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mesothorax and the metathorax (fig. 35). The sub- 
cesophageal ganglion is joined to the brain by means 
of a pair of para-cesophageal connectives, which pass 
around and encircle the gullet, one on either side (conn.). 

The brain of Anurida arises in a similar manner to 
that which has been found to obtain in other insects. It 
is formed in the embryo by the fusion of the first three 
pairs of primitive ganglia, which are termed the 
protocerebrum, the deutocerebrum and the tritocerebrum 
respectively (Plate VII., fig. 74). The completed organ of 
the adult Insect is divisible into three main regions, which 
correspond with these primitive ganglia. They are as 
follows : — 


(a) The protocerebron, which is the largest division 
of the brain, comprises the optic and proto- 
cerebral lobes (fig. 48). The optic lobe on either 
side gives origin to the main optic nerve (op. 7.), 
and the latter sub-divides into five branches, 
each branch supplying one of the eyes. The 
protocerebral lobes form the greater part of the 
brain when viewed from above. 


(6) The deutocerebron, which is composed of the two 
antennary lobes. From each lobe a stout nerve 
(at. n.) passes to the antenna of its side, and on 
nearing the apex of that appendage it divides 
into a number of fine branches, supplying the 
sense organs (Plate II., fig. 22). 

(c) The tritocerebron, which consists of the two 
cesophageal lobes (fre. in fig. 48). From the 
latter arise the para-cesophageal connectives and 
the nerves which supply the labrum. 


The sub-cesophageal ganglion or, more properly, the 
sub-cesophageal ganglionic mass, is formed by the fusion 
of four pairs of primitive ganglia. From it arise paired 
nerves, which supply respectively the mandibles, the 
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maxillule and the first and second maxille, together with 
an unpaired nerve which passes to the lingua. 

The prothoracic and mesothoracic ganglia each give 
off a pair of principal nerves on either side, which supply 
the various muscles of their respective segments. The 
ganglion situated in the metathorax (th. g. 3) 1s in reality 
a ganglionic complex formed by the fusion of the pair of 
primitive metathoracic ganglia with those of the 
abdomen. Several pairs of nerves arise from this ganglion, 
and they appear to supply the musculature of the meta- 
thoracic and first abdominal segments. 

Directed backwards into the abdomen is a paw of 
stout parallel nerve cords (nv.). These are, perhaps, to be 
regarded as the remaining connectives of the abdominal 
nerve chain, the nerve ganglia of which have migrated 
forwards during embryonic development and become 
fused with the metathoracic ganglion. Along their course 
these nerves give oft branches (/.n.) which can be traced to 
the generative organs and to the musculature. 

Histologically, the nervous system is constructed 
upon an exceedingly simple plan. The brain is composed 
on the outside of a layer of unipolar and bipolar ganglion 
cells provided with very small but deeply-staining nuclei. 
Internally it consists of a mass of extremely fine nerve 
fibres, which are arranged for the most part in transverse 
and longitudinal directions. It presents none of the 
complex arrangement of nerve cells and fibres which is 
exhibited in the brain of most Pterygote Insects. The 
succeeding ganglia also each consist of an outer layer of 
nerve cells enclosing a central core of nerve fibres (figs. 46 
and 47). Nerve cells are wanting from the thoracic 
connectives, but a few are distributed along the course of 
the abdominal cords. All the ganglia and connectives 
are invested by a neurilemma (newr. in figs. 46 and 47) of 


392 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


dense connective tissue; it takes a bluish colouration in 
preparations treated with Mann’s methyl-blue-eosin. 

Lying immediately dorsad of the ventral nerve chain 
there exists what may be regarded as a median accessory 
nerve cord (m.n. 1n figs. 46 and 48). It is confined to the 
region of the thorax, and is present between and above 
each pair of connectives joining the thoracic ganglia. It 
does not appear as a continuous cord, but is seen to arise 
from the sub-cesophageal ganglion, and from there to pass 
backwards to the anterior border of the prothoracic 
ganglion, where it appears to terminate. It then, 
however, takes fresh origin from the hinder margin of 
the latter ganglion, and is continued backwards to the 
mesothoracic ganglion. After repeating itself again, it 
finally terminates in the ganglion in the metathorax. 
This system is very delicate, and is difficult to make out; 
it is probable that its fibres pass as a continuous strand 
through each of the ganglia, and so connect together each 
section of the cord. Three pairs of transverse nerves 
belong to this accessory nerve cord (m.n. br. in fig. 48), 
and in one or two fortunate preparations they were seen 
to pass to certain parts of the ventral musculature. 

A similar accessory system to the above has been 
described by Oudemans in the Thysanuran Machilis. It 
is there found in relation with each pair of ventral 
ganglia throughout the whole length of the body, and is 
said to supply the tracheal trunks and the occlusor 
muscles of the spiracles. There appear to be no grounds 
for regarding this system, either in Anurida or Machilis 
as being of a sympathetic nature.* In Anurida its 


*In the Collembola a true sympathetic (stomatogastric) system 
has been described and figured-by Willem in Podura aquatica. It is, 
however, only very feebly developed. No certain indications of such a 
system have been met with in Anurida. Claypole states that in the 
embryo of the latter a cord-like. proliferation of ectoderm cells arises 
from the hinder end-of the stomatodcum, and regards it as a remnant ~ 
of a sympathetic system ; it disappears, however, before hatching. 
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function is quite obscure: in JMachilis it might possibly 
be analogous with the vagus system of Vertebrata. <A 
somewhat similar system of nerves occurs among various 
Pterygota, notably in the caterpillars of Cossus ligniperda 
(Lyonnet) and Sphine ligustri (Newport), and in the larva 
of Chironomus (Miall and Hammond). 


9. THE SENSORY ORGANS. 

The sensory organs of Anwrida consist of the eyes, 
the post-antennal organ, the apical sense organ of the 
antenne and sensory hairs. 

The eyes form a group of five glistening black dots 
on either side of the head. Hach group is situated on a 
very marked oval protuberance a short distance behind 
the base of the antenna of its side (Plate L., figs. 1 and 4). 

Hach eye, when viewed from above, is seen to be oval 
in form and somewhat convex, it 1s invested by the general 
euticle of the body-wall, which forms a perfectly smooth 
and transparent corneal lens. When viewed in vertical 
section each eye is seen to be shaped very much like an 
inverted cone (Plate III., fig. 54). Situated immediately 
beneath the lens are four small cells, which belong to the 
hypodermis and are directly continuous with it; they 
contain no pigment and are full of clear protoplasm. Two 
of these cells are visible in the figure, and as they secrete 
the lens they may be termed the lentigen cells. Situated 
internally to the latter are four very large, deeply pig- 
mented cells, which together form the retina. The inner 
ends of these cells pass into and are directly continuous 
with a branch of the optic nerve. They are invested with 
a mass of pigmented hypodermis which also fills the 
interstices between adjacent eyes. 

It will be noted that the eyes of Anurida are 
structures formed op an extremely simple plan. The 


394 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


researches of Willem go to prove that in the greater 
number of Collembola (7.e., in the Sminthuride, the 
Kntomobryide and in some of the Achorutide) the eyes 
are constructed on the eucone principle, and he regards 
them as being incipient compound eyes. In several 
genera of the Achorutide (including Anwrzda) he points 
out that there is no layer for the secretion of a crystalline 
cone, and hence he looks upon the eyes of such forms as 
being ocelli or stemmata. He remarks (27 p. 90):— 
“La considération que les ocelles s’observent parmi les 
Podurides, chez des formes animals ot les organes visuels 
sont manifestement régression, incite a admettre que ces 
stemmates sont productions dérivées de Vommatidie 
eucone par la disparition du systeme lentigene, con- 
clusion qui accords avec des faits observés par Patten 
dans le developpement des ocelles de Vespa et de larve 
dAcdius, et qui autorisent a admettre que les stemmates 
a deux couches cellulaires de ces Insectes dérivent d'un 
oeil a trois couches (comme l’ommatidie eucdne) par 
Vatrophie ou le developpement incomplet de la strate 
moyenne. » 

If the extreme simplicity of the structure of the 
eyes of Anurida is due to retrogression, and is not a 
primitive character, it lends support to a_ belief 
maintained by certain students of the Collembola, viz., that 
Anurida is, in some respects, a degenerate type. 

The post-antennal organ (Plate I., figs. 4, 5 and 10, 
Plate II1., fig. 34) is a curious cuticular structure, circular 
in form and situated one on each side of the head 
immediately in front of each protuberance which bears 
the ocelli. It consists of a variable number of somewhat 
triangular bodies, which are in close contact with one 
another, with their apices directed towards its centre. 
The number of these bodies varies in different individuals, 


. ANURIDA. 395 


but there are most usually nine of them. ‘Out of eight 
individuals which were specially examined with reference 
to this organ, four of them had nine triangular bodies, 
two had ten, and the remaining two possessed seven and 
eight respectively. Both Laboulbene and Fernald have 
observed specimens which had seven to the organ on one 
side of the head, and eight to the organ on the other side. 

The elements (triangular bodies) of which the organ 
is composed appear to be nothing more than greatly 
enlarged tubercles of the cuticle which have become 
hollowed out and mounted on short pedicles and arranged 
in a circular manner around a common centre (fig. 34). 
The cavity of each of the elements is filled with 
protoplasm containing a small amount of pigment, but 
it has not been possible to detect any nuclei. 

Hach post-antennal organ is supplied by a small 
herve (p.o.n. in fig. 34). 

It is clear that this structure is a sensory organ from 
the fact of its having a special nerve supply, and the 
extreme thinness of its cuticular investment shows that it 
is adapted to receive impressions of external stimulh. 
What function it is likely to perform is wholly a matter 
ot conjecture; possibly it is an olfactory organ, ay 1s 
suggested by Willem. 

The apical sense organ ts situated somewhat towards 
the mner side of the apex of each antenna (Plate L., fig. 7). 
It is a hollow tri-lobed structure (fig. 8), and its lobes are 
in free communication with one another at their bases. 
It is innervated by a branch from the antennal nerve 
(Plate IL., fig. 22), which enters the organ through a small 
oval foramen situated at its base (fig. 8). 

The function of the organ is uncertain; Fernald 
remarks that ‘ the three lobes are so placed relatively to 
each other that they might easily give the animal some 
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idea of the form of any object, corresponding, as they do, 
to the three dimensions in space.” It seems more likely, 
however, that it functions as an olfactory organ, if 
it be safe to reason from analogy with what is known 
concerning the antennal sense organs of the Pterygota. 
The sensory hairs are found principally at the apices 
of the antenne, and on the upper and lower lips, but 
possibly some of the hairs scattered over the general 
surface of the body may be of a sensory nature also. 


10. THE CrrcuLaAtTory SYSTEM. 

The circulatory system of Anwrida consists of the 
heart and the general body-cavity. 

The heart is a narrow tube situated just beneath the 
integument in the median dorsal line of the body above 
the digestive canal (Plate IV., fig. 35). It is divided by 
means of segmentally arranged constrictions into a series 
of six consecutive chambers, which are in free communi- 
cation with one another. Anteriorly, the heart extends 
as far as the anterior border of the mesothoracic segment, 
and from that point it is prolonged forwards as the 
aorta (a.). -Posteriorly, it increases in calibre, and 
terminates rather abruptly in an enlarged and somewhat 
bulb-like chamber in the fourth abdominal segment 
(uw. blb.). Situated on either side of the heart at each of 
the constrictions is an oval oriface or ostium (ost. in 
fig. 41), and in association with the heart at these same 
pots is a paw of alary muscles (a/. m.). 

The walls of the heart consist of an external invest- 
ment of connective tissue (w. in fig. 40), a middle coat of 
obliquely disposed muscle fibres (¢.m.b. in fig. 39 and made. 
in fig. 40), and an inner lining or endocardium. The 
muscle layer consists of bands of non-striped muscle 
fibres, and is the only part of the body where such are 
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found; they are much more strongly developed in the walls 
of the last two chambers than elsewhere. - The endocardium 
is an excessively thin membrane; in certain places it can 
be made out with the aid of an oil-immersion lens 
(7z1n.), but only with considerable difficulty. 

The alary muscles are attached to the dorsal integu- 
ment between the two groups of longitudinal tergal 
muscles on either side of the body. Each muscle is 
composed of a small bundle of striated fibres (a/. m. in 
fig. 41), and these latter are prolonged with a tendonous 
strand of connective tissue (al. ¢.). As each tendon 
approaches the heart it broadens out and splits into two 
fan-shaped sheets or layers, one of which spreads out over 
the dorsal surface of the heart and the other over its 
ventral aspect (fig. 45). In the space between these two 
layers is situated an ostium or lateral perforation of the 
wall of the heart, and altogether there are six pairs of 
ostia and alary muscles. 

The aorta (a. in fig. 355) may be said to commence 
immediately in front of the first ostium, and directly 
above the junction of the csophagus with the mid-gut. 
At its commencement it is triangular in transverse 
section (fig. 42) but, traced further forwards, it becomes 
more flattened, and is closely applied to the dorsal wall of 
the csophagus (fig. 51). By examiming a series of 
consecutive transverse sections, it will be seen that the 
aorta gradually comes to wrap itself round the fore- 
gut, and eventually completely surrounds it (fig. 55). 
Just beneath the supra-cesophageal ganglion the aorta is 
seen to terminate in a slightly expanded funnel-shaped 
mouth (fig. 27), which enables the blood to flow directly 
from the heart into the hemoceelic cavity of the head. 
The walls of the aorta are entirely membranous, and 


contain no muscle fibres. 
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The body-cavity of Anurida, as in all the Insecta, 1s 
the blood-containing space in which are situated the 
various organs of the body. It extends throughout the 
whole length of the animal, and sends prolongations into 
the antenne, the legs and the ventral tube. It is much 
intersected by the fat body which occupies a large 
proportion of its cavity im many parts of the body. The 
body-cavity is filled with the blood of the animal, and the 
corpuscles of the latter are noticeable everywhere 
throughout its extent; they are specially abundant in 
the head, where the vascular and hemoceelic systems are 
in open communication with one another. 

The blood consists of (a) the corpuscles and (6) the 
plasma. The corpuscles are circular in outline, but at 
times they become ameeboid and give out pseudopodia 
(Plate IIT., fig. 33).. They are practically colourless, and 
each contains a sharply defined circular nucleus. 
Frequently small granules are scattered through the 
cytoplasm of the corpuscle; they are probably of an 
excretory nature. Claypole remarks that in newly 
hatched individuals the blood corpuscles contain a large 
amount of food yolk. 


ll. Excretrory System. 


Unhke other insects none of the Collembola possess 
Malpighian tubes.* The excretory function is performed 
entirely by the fat-body, or “ Exkretionsorgane,” ag it is 
termed by Sommer. 

In Anurida the fat-body takes the form of irregular 
masses of tissue distributed in various parts of the body 
and occupying a large portion of the cavity. In the region 

* In the Thysanura Malpighian tubes are absent in Japyz, and in 


Campodea they are only represented by papillae (Oudemans). Among 
the Pterygota they are also wanting in Aphides (Witlaczil), 
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of the abdomen it is largely developed, and in places it 
closely embraces the gut and also attaches itself at many 
points to the hypodermis. In the thorax it is much 
broken up by the various muscles: two principal masses 
occur in close contact with the fore-gut, one on either 
side, and come in contact with each other in the mid- 
dorsal line just above the heart. Prolongations of the 
fat-body pass from the thorax into the head and partially 
surround the cephalic glands (fig. 63); they do not extend 
forwards in front of the brain. The organ is also present 
in many parts in the form of a thin layer of tissue situated 
in close apposition with the hypodermis and separating 
the latter from the body-cavity. In this form it is 
principally developed along the ventral side of the body, 
especially in the thorax. 

The fat-body is limited exteriorly by a layer of con- 
nective tissue and, where it is in contact with the hypo- 
dermis, this investment is directly continuous with the 
basement membrane of the body-wall (fig. 16). It is 
wanting, however, from that surface of the fat-body 
which is in close contact with the hypodermis and other 
parts of the body. 

In a newly hatched <Anurida, before any active 
process of excretion has taken place, the fat-body is seen 
to be composed of masses of large cells with very irregular 
boundaries (fig. 18). These cells are composed of a some- 
what granular protoplasm, and each contains a relatively 
small nucleus. The first indication of excretion taking 
place is seen in the fact that many of the cells undergo 
liquefaction at their centres, and eventually become 
vacuolated (figs. 18 and 19). These vacuoles frequently 
become confluent with one another, and the remaining 
protoplasm, together with the nuclei, becomes restricted to 
the periphery of the cells, At a later stage, there appear 
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in the fluid contents of the vacuoles, numerous fine 
granules of excretory material (fig. 19); these granules 
increase in size, some much more rapidly than 
others, and they ultimately take the form of rounded or 
oval concretions. After excretion has been going on for 
some time, the fat-body takes the form of an irregular 
protoplasmic meshwork, 1 which cell boundaries are not 
discernable, and nuclei are distributed at various intervals, 
and the spaces enclosed within the meshes are filled with 
fluid which contains the excretory granules held in 
suspension. The process of excretion is generally most 
active in the central portions of the larger masses of fat- 
body, and the cells of the latter ultimately break down 
and completely liquefy, with the exception of those 
situated around the periphery (fig. 20). 

The excretory concretions are unaffected by the action 
of water, aleohol, ether or toluol, but are readily soluble 
in acids, and are consequently absent from preparations of 
animals fixed by acid-containing reagents. They are best 
seen In animals which have been killed and fixed in strong 
alcohol. They are of a erystalloidal nature, faintly 
yellowish in colour and very eosinophilous. Their 
chemical composition is uncertain, and they do not exhibit 
any indications of lamination or other structure. 

Sommer (23) has given some attention to the con- 
eretions found in the fatty body of T’omocerus plumbeus. 
In this species they are often of large size and are easier 
to study than those of Anurida. They are dirty white in 
colour when viewed with reflected hght, and pale green 
and shining with transmitted hght. In their structure 
they are laminated like starch-grains, and sometimes 
exhibit radial lines in addition. They are unaffected by 
water or alcohol, but dissolve in acetic, hydrochloric or 
nitric acids, accompanied by an evolution of gas. Hach. 
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concretion is made up of a covering coat investing a 
central crystalline (?) mass. This is seen when nitric acid 
is made to act very slowly, when the central contents 
dissolve first and subsequently the coat vanishes also. 
Sommer believes that they are composed of calcium 
carbonate, together with an organic basis. 

Willem has also studied these excretory concretions, 
and he used for the purpose Sminthurus fuscus. He 
remarks (27) that they have a concentric structure, 
and that they are insoluble in water, alcohol, ether, or 
chloroform, but are dissolved by acids. By means of 
appropriate tests, he came to the conclusion that they are 
formed of a neutral urate of sodium. ‘It is probable that 
those of Tomocerus are of a similar composition, rather 
than of calcium carbonate, and Sommer mentions that he 
did not apply any uric acid tests. ‘ 

A remarkable feature regarding the excretory 
function in Collembola is the absence of any ducts by 
means of which the products can be eliminated. The 
concretions consequently increase in size according to the 
age of the animal, and render it impossible for the lives of 
these insects to be prolonged for any lengthy period. An 
analogous case 1s met with in the Ascidians among the 
Chordata. The “renal vesicles’? of these animals 
similarly have no means of getting rid of the excretory 
material stored up within them, and which increases 
ereatly in quantity as the individuals progress in age. 

Ii cannot be decided, in the light of existing 
knowledge, whether the fat-body of the Collembola is 
homologous with that of other insects. In the case of 
the latter, authorities are far from being in agreement as 
to its mode of development, and nothing is known of the 
development of the fat-body in the Collembola. Both 
Sommer and Willem claim that among the latter 

CC 
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the fat-body, on account of its intimate relations with 
the hyperdermis, is an ectodermal product. This 
evidence, however, does not seem sufficient to justify that 
conclusion. 


12. THe REPRODUCTIVE SYSTEM. 


The Male Organs.—The testes consist of a pair 
of organs disposed along the ventro-lateral region of the 
body, and lying for a considerable portion of their length 
in close apposition to the mid-gut. Hach testis is an 
elongated chamber, which tapers anteriorly into a delicate 
filamentous prolongation (Plate VI., fig. 54), and the 
extremity of the latter is attached to the excretory tissue 
lying in the mesothoracic segment. Posteriorly, in the 
region of the second and third abdominal segments, the 
calibre of the testis increases very considerably, and the 
mature organ occupies a large portion of the body-cavity 
in those segments. The hinder fourth of each testis hes 
completely ventral to the alimentary canal, but as each: 
gland passes anteriorly it gradually comes to lie ventro- 
laterally in relation to the latter, and finally in its 
terminal fourth it is completely lateral. In the fifth 
abdominal segment each testis gives off a short efferent 
duct which, uniting with its fellow to form a common 
canal, opens to the exterior on a small papilla situated in 
the median line near to the posterior margin of the 
segment (fig. 54). 

Each testis is in the form of a tube, and its walls 
consist of a cellular layer containing scattered oval nuclet, 
but without any cell-boundaries. Externally it is 
invested by a coat of connective tissue (fig. 59). The vasa 
deferentia are similar in their structure to the testis wall, 
and appear to be tubular evaginations of the latter. The 
median canal, or ductus ejaculatorius (Plate ITI., fig. 32), 
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is formed by the union of the two vasa deferentia; it is 
roughly diamond-shaped when viewed in _ transverse 
section, and is lined internally by a chitinous cuticle 
which rests on an epithelial layer containing numerous 
nuclei. The ductus is covered externally by a coat of 
connective tissue. Dilator muscles arise from its chitinous 
lining and, passing in an oblique direction outwards, are 
inserted into the body wall (musc.). 

The lumen of the testes is filled with a dense mass of 
nucleated tissue, which consists of different stages in the 
development of the spermatozoa. At the apex of the 
gland the testis-wall becomes drawn out into the terminal 
filament (fig. 58). The filament is tubular in structure, 
and numerous nuclei can be seen in its walls. Near to its 
apex the cellular wall dwindles away, and the filament 
becomes reduced to merely a thread-like prolongation of 
the connective tissue coat of the testis. It is purely liga- 
mentous in function, and serves to maintain the testis 1m 
position in the body-cavity. 

If the structure of the testes be examined from the 
apex of the organ and be followed downwards near to 
where the efferent duct is given off, the successive stages 
in the development of the spermatozoa can be readily 
traced. The germinal tissue is in the form of a mass or 
ridge, situated at about the middle of the length of the 
testis. It consists of a mass of cells (fig. 59a), which are 
seen in places to be roughly polygonal in shape; each cell 
contains a large, very deeply staining nucleus. The 
germinal nuclei divide, and the direct products of the 
division fill almost the whole of the anterior third of each 
testis (d.s. in figs. 58 and 59a). The nuclei are seen to 
principally arrange themselves in groups, which are more 
or less ovoid or circular in form, and contain an area of 
clear protoplasm in their centres. Traced further back- 
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wards (d1, st in fig. 59) these nuclei divide and fragment 
and form tiny masses of irregularly-shaped chromatic 
bodies embedded in a dense matrix of protoplasm. In the 
hinder third of the testis the cellular layer of its wall 
gives off numerous branched intra-testicular prolongations 
(?. p. mm fig. 59). These prolongations divide up the 
substance of the testis into a number of separate masses 
by means of their branches, which freely anastomose with 
one another. In this way the cavity of the testis becomes 
sub-divided into a number of irregular chambers, each of 
which is filled with a mass of developing spermatozoa. 
The next stage in the development of the sex cells is seen 
where the chromatin bodies retreat towards the periphery 
of the masses of protoplasm in which they are distributed 
(d?, s?), and eventually become congregated together over 
a very limited area of the latter. Traced a little further 
back, the chromatin bodies gradually elongate to form the 
heads of the spermatozoa, and from them are seen to 
extend delicate filaments, and each mass becomes easily 
recognisable as being a bunch of spermatozoa (s. p.). 
During the last stage in development the intra-testicular 
prolongations, which have served to nourish the developing 
sperms, are seen to break down and ultimately liquefy, 
and the posterior end of the testis becomes filled with 
spermatozoa floating in a thickish fluid. 

The process of spermatogenesis has also been studied 
in Anurida by Fernald, but the above account differs 
very considerably from the description detailed by that 
author. According to his observations, it would seem 
that the process is a much more lengthy one than that 
just described. What are in the present account 
interpreted as bundles of fully-developed spermatozoa, 
correspond with his stage where there are a number of 
elongate granules with fine threads passing from them 
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forming bundles lying in various directions. According 
to him, this is not the final condition, but is merely a 
prelude to a further series of changes. He states that 
this structure soon changes, and the entire substance 
begins to undergo degeneration, and an entirely homo- 
geneous mass results containing many deeply-staining 
granules. Fat globules appear in small numbers, and a 
columnar epithelium becomes formed near to the external 
connective tissue of the testis wall. A similar epithelium 
becomes developed in the granular mass nearer to the 
testis. Traced further back the fat globules increase in 
number, and among them are multitudes of spermatozoa 
which have been formed from the epithelial cells. 

These later changes described by Fernald are very 
remarkable, and there can be little doubt that they do not 
represent the normal state of affairs, and most probably 
they are of a pathological nature. The observations of 
the present writer confirm in all essentials the brief 
account of the spermatogenesis given by Lécaillon (16). 
In many examples of Anurzda the writer has found 
Nematode worms,” and their developmental stages in the 
testes (Plate VII., figs. 79 and 80). In several instances, 
these parasites were found to be so numerous as to 
destroy the whole internal structure of the testes, leaving 
behind little more than the bare walls. In other cases 
the worms were less numerous, and the structure of the 
organs was only partially destroyed, while many oil 
globules were present. It is the belief of the present 
writer that the cycle of later changes described by 
Fernald are not stages in the process of spermatogenesis, 
but are of a pathological nature, probably due to the 
presence of Nematode worms in the testes of the animals 
which he studied. Unless the presence of these worms is 


* These parasites were also occasionally met with in the ovaries. 
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suspected, sections of the testes containing them present 
a deceptive and puzzling appearance. 

The Female Organs.—The female organs (Plate VL., 
fig. 53) are extremely simple, and in their external form 
they very closely resemble those of the male. They 
consist of a pair of ovaries, which have similar relations 
to the alimentary canal as the testes (Plate IV., fig. 38). 
Hach ovary is in the form of a simple tube, tapering 
anteriorly into a delicate terminal filament (t. f.). This 
filament, as in the male, functions as a suspensory 
ligament which serves to retain the ovary in position, and 
is attached to the fat-body near to the median dorsal line 
in the mesothoracic segment. The ovaries increase in 
calibre as they are followed posteriorly, and in the fourth 
abdominal segment each gives off a short oviduct (fig. 35). 
The two oviducts quickly unite with one another and form 
a median canal, which may be termed the vagina (vag.). 
The vagina opens to the exterior by a median aperture 
situated near to the posterior margin of the fifth 
abdominal segment. From the ventral wall of the vagina 
there arises a forwardly-directed flattened diverticulum 
(div.). The homology of this structure is very doubtful, 
and Fernald has suggested that it may be a receptaculum 
seminis, but in no instance has it been possible to detect 
any traces of spermatozoa in its cavity. 

The wall of the ovary consists of a thin cellular layer 
containing scattered flattened nuclei, but does not show 
any cell boundaries (fig. 55). On the outside the ovarian 
wall is hmited by a coat of connective tissue (é. p.). At 
the apex of the gland the wall becomes prolonged 
forwards as the terminal filament, which becomes reduced 
near its extremity to only a strand of connective tissue. 

The oviducts are outward prolongations of the ovarian 
walls, and have the same essential structure as the latter. 
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The walls of the vagina consist of a layer of columnar 
epithelium, resting externally on a basement membrane 
and lined internally by a layer of chitin (Plate III., 
fig. 51). The median diverticulum from the vagina has 
a closely similar structure, except that its nuclei are larger 
and no cell boundaries are distinguishable in its epithelial 
layer. Its lumen, on account of the flattening of the 
organ, is extremely narrow and is in the form of a 
transverse slit. 

A few muscle fibres are attached to the walls of the 
vagina, and pass outwards in an oblique direction to be 
inserted into the neighbouring body-wall. They probably 
aid in the extrusion of the ova by bringing about the 
alternate expansion and contraction of the cavity of the 
vagina. 

The germinal tissue is situated in each ovary as a 
protruding ridge lying in the region of the third and 
fourth abdominal segments. The ridge is dorsally placed 
in each ovary, and is inclined somewhat towards the 
outside of the body (Plate VI., fig. 57). It consists of a 
mass of irregularly-arranged cells, each cell with an oval 
nucleus with the chromosomes regularly disposed around 
its periphery. By means of rapid mitotic divisions the 
germinal ridge buds off a mass of cells, which he free in 
the ovarian cavity. At an early stage two kinds of cells 
become distinguishable, viz., vitellogenous or nutritive 
cells, which have rounded nuclei rich in chromatin 
material, and the egg cells or ova, which are much less 
humerous and are scantily supphed with chromatin, 
which is arranged in eight small granules disposed around 
the periphery of each nucleus (fig. 59). 

There is no arrangement of the ova into follicles, but 
a number of vitellogenous cells become grouped around 
each ovum. As development goes on the ova accumulate 
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food yolk within them, and increase greatly in size (fig. 56). 
When the eggs are fully developed the vitellogenous cells, 
which have served to nourish them, having nothing 
further to do, rapidly degenerate and _ eventually 
disappear. According to Lécaillon (14), in some Collembola 
(e.g., Paprrius) intra ovarian prolongations of the wall of 
the ovary are developed, and serve to assist the vitello- 
genous cells in the elaboration of food material for 
absorption by the eggs. In Anurida, according to that 
writer, these prolongations are only very slightly 
developed. For the details of the process of oogenesis the 
student is referred to the works of Lécaillon and of 


Claypole (81). 


V.—EMBRYOLOGY. 
The eggs of Anurida when freshly laid are pale 


yellow in colour, with a smooth, glistening surface. As 
development proceeds they darken, and eventually become 
dark orange. They are spherical in form, and each 
measures on an average about ‘30 mm. in diameter. They 
are deposited by the female in little groups, which are 
usually to be found in plenty about the shores of Port 
Kirin Bay. They occur in the furthermost recesses of the 
fissures in the rocks, and may be obtained by splitting 
open the latter in the manner already mentioned (p. 360). 
These groups consist of from seven or eight up to twenty 
or thirty eggs, which are laid together in an irregular 
fashion (Plate VII., fig. 69). The individual females 
appear to take no pains to keep their own eggs separate 
and distinct from those of their fellows, and through this 
cause large confluent masses, often consisting upwards of 
a hundred eggs, may be met with. 

The relatively large size of the eggs of Anurida 


ANURIDA. 409 


renders them favourable objects for the study of 
Apterygote embryology. What is known of the develop- 
ment of this insect is due to the researches of Ryder (37), 
Wheeler,* Miss Claypole (31) and Folsom (82). ‘The 
following account is mainly derived from the observations 
of the two latter writers. 

The egg is invested by two clearly distinguishable 
membranes. Firstly, an outer shell-like coat (ch’. in 
fig. (1), which is very brittle and can be easily dissected 
off with the aid of a pair of fine needles and, underlying 
this, is a thin crenated membrane (memb.) These coats 
may, perhaps, be homologous with the chorion and 
vitelline membrane respectively of other Insecta. During 
the early stages of development, a third and very delicate 
membrane closely envelopes the embryo, except where it 
is Interrupted by the dorsal or pre-cephalic organ. In 
addition to these coats, Claypole distinguishes two other 
egg membranes, and the authoress maintains that all five 
membranes arise from the egg or the blastoderm. 

The unsegmented ovum (fig. 70) is formed of a large 
central mass of protoplasm, which gives off outwardly 
directed strands. These strands ramify as they approach 
the periphery of the egg, and enclose numerous yolk 
bodies within their meshes. The germinal vesicle early 
becomes invisible, and does not again appear until after 
the extrusion of the polar bodies. The latter do not 
completely separate from the egg, and are eventually 
resorbed into it. 

The segmentation is especially noteworthy, it being 
holoblastic but slightly unequal, and results im a solid 
morula. After the morula has been formed, a breaking 
down of the cell-boundaries takes place, and many of the 
nuclei begin to migrate to the periphery of the egg, 


* A contribution to Insect Embryology. Jowrn. Morph., viii, 1893. 
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leaving the yolk bodies in the central protoplasmic mass. 
The nuclei undergo division as they pass to the exterior, 
and they eventually arrange themselves to form a two- 
layered blastoderm—the future ectoderm and mesoderm. 
Of the cells which are left behind in the yolk, some are 
scattered singly through its substance, and have large 
and deeply-staining nuclei; the rest have a tendency to 
remain congregated together in little clusters. The 
former are the yolk cells or vitellophags, which serve to 
transform the yolk for the nutrition of the embryo; the 
latter, at a subsequent stage in development, form the 
rudiments of the future endoderm (y.c. and em. in 
HS A076): 

About the time of the completion of the blastoderm 
a modification of its cells takes place at the upper pole of 
the egg, forming the precephalic or dorsal organ. At 
this point the cells become markedly columnar, and when 
viewed in section they form a lens-shaped mass of cells 
(fig. 76, pe. o.). This remarkable structure is apparently 
a vestigeal organ; it soon commences to degenerate, and 
eventually disappears altogether. Wheeler™ homologises 
this organ with the “ dorsal organ ” of certain Crustacea 
with the indusium of the Orthopteron Xzphidiuwm. There 
are no traces at any stage in the development of structures 
corresponding with the amnion and serosa of other 
Insecta. 

The ventral plate or germ band first appears as a 
narrow area of mesoderm. It 1s formed by the cells of 
the latter migrating from their original position and 
becoming restricted to a band-like zone.: This zone, with 
the exception of where it is interrupted by the dorsal 
organ, forms a girdle completely encircling the egg. As 
the result of this migration of the mesoderm, the greater 


* Loc. cit. p. 55, Vide also Willey. Quart. Journ. Mic. Sci., xii, 1899. 
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part of the egg is left only covered by the ectoderm 
(fig. 78, mes.). 

The various appendages appear for the most part ina 
regular succession from before backwards (fig. 71). The 
antennee are the first pair to develop, and they are followed 
by the medium unpaired rudiment of the labrum and 
clypeus. Behind the former there arise in rapid succession 
the mandibles, the first and second maxille, the three pairs 
of thoracic feet, and a pair of appendages to each of the 
first four abdominal segments. Between the antenne and 
mandibles there are developed a pair of transient trito- 
cerebral or intercalary appendages (fig. 73). They were 
first discovered in this insect by Wheeler, and both 
Claypole and Folsom have since confirmed their existence. 
A little later there arise between the mandibles and first 
maxille the rudiments of another pair of mouth-parts 
(mau!. in fig. 75). These have been recently discovered by 
Folsom, and were named by him the super-lingue, but, 
as already stated (footnote p. 371), the term maxillule is 
preferable for them. About this time the rudiments of 
the stomatodeal and proctodeal invaginations become 
visible, and the dorsal organ commences to degenerate. 
A very marked flexure of the embryo now takes place, and 
when it is complete the latter becomes more or less folded 
on itself (fig. 72). The result is that whereas the anterior 
end of the embryo retains its relations with the pre- 
cephalic organ, the anal portion becomes retracted away 
from the latter, and the embryo itself becomes restricted 
to less than one-half of the whole circumference of the 
ege, instead of completely encircling it, as happened: in 
the earlier stages. ' Furthermore, the mouth-parts become 
crowded together to form a definite head. The last mouth- 
part to appear is the lingua, which does not become 
visible until after’ the flexure of the embryo has 
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commenced. It arises as a median unpaired rudiment, 
situated between the fundaments of the first maxille (ing. 
in figs. ¢ and 70). 

Mention has already been made of the origin of the 
endoderm from certain of the cells which are left over in 
the yolk during the formation of the blastoderm. At a 
stage a little subsequent to the condition of the embryo 
represented in fig. 72, these cells commence to separate. 
They increase in size, and, engulphing yolk, they 
so arrange themselves as to form a definite mesenteron. 
It is remarkable that none of the yolk is enclosed in the 
mesenteron during the process of formation of the latter ; 
much of it remains in the body-cavity, while the rest 
becomes included in the reproductive organs. Whether 
the yolk cells have anything to do with the endoderm is 
not clear; although they take no part in the formation of 
the mesenteron, Claypole suggests that they may, 
perhaps, be endoderm cells which have acquired their 
digestive powers at a very early stage. 

The nervous system arises as a proliferation of 
ectoderm cells in localised positions in the various 
segments. The masses of cells so formed give rise to the 
primitive ganglia, and they subsequéntly join up with 
one another to form the brain and ventral nerve chain. 
The brain is formed from the first three primitive ganglha, 
which are termed respectively the proto-, deuto-, and 
trito-cerebrum (fig. 74). There follows then in succession 
ganglia pertaining to the segments of the mandibles, 
maxillule, and first and second maxille, together with 
three thoracic ganglia and a ganglion for each of the six 
abdominal segments. The subsequent changes result in 
the union of the three cerebral ganglia to form the 
completed brain, while the remaining cephalic ganglia 
consolidate into a single ganghonic mass to form the sub- 


ANURIDA. 413 


esophageal ganglion, and ultimately the abdominal 
ganglia become involved in the meta-thoracic ganglion. 

The germ cells appear at a comparatively late period 
in development; they arise a short time previous to the 
commencement of the formation of the mesenteron. 
They take their origin from the splanchnic mesoderm in 
the second and third abdominal segments, and according 
to Claypole their method of development is as follows :— 
Those germ cells which ultimately give rise to the male 
gonads arise from the inner side of the mesoderm, and 
come to lie free among the yolk (fig. 77). In the case of 
the female they are budded off from the outer side of the 
splanchnic mesoderm, and form a group of cells lying free 
in the mesoblastic somites of those segments. In the 
case of the male the ccelomic spaces are not formed. In 
the female the splanchnic mesoderm forms one side of a 
spacious cavity, which evidently results from a fusion of 
the contiguous cavities of the mesoblastic somites. The 
inner wall of this cavity eventually breaks through, and 
the ccelom becomes confluent with the general hemoccelic 
body-cavity, and at the same time the germ cells come in 
contact with the yolk. The further development of the 
germ cells has not been followed in any detail but, in 
both sexes, as they develop they incorporate among 
themselves a large amount of the food yolk distributed in 
the body-cavity. In newly-hatched individuals much of 
the yolk is still present in the gonads, and it conduces 
greatly towards the rapid maturition of the generative 
elements. 

Of the abdominal appendages, the first pair fuse 
together and persist in the adult as the ventral tube. 
The remaining pairs become resorbed, and ultimately 
completely disappear. 

The eyes and post-antennal organs first become 
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clearly indicated about the stage represented in fig. 72. 
At the time of its first appearance, the post-antennal 
organ consists of an irregular group of cuticular 
elevations. In the newly-hatched animal the latter have 
decreased in number and arranged themselves in a 
circular form, and before the permanent form is attained 
the organ undergoes further changes and development 
[vide Laboulbéne (2) |. 

The recently-hatched insect is perfectly white, except 
for the eyes, which are enveloped in a patch of dark 
pigment on either side.* Except in size and colouration, 
the young animal does not differ from the adult. The 
pigmentation of the integument is acquired after exposure 
to daylight, but it is some time before it is developed to its 
fullest intensity. After several moults the full growth of 
the animal is attained. 


VI—GENERAL REMARKS ON THE 
COLLEMBOLA. 


The general characteristics of the Collembola have 
already been noticed (Introduction, p. 356). About four 
hundred species have been described up to the present, 
most of which are very small in size, and but few forms 
attain a length greater than 5 mm. The Collembola are 
divided into three families, and these are classified by 
Borner (48) under two sub-orders, as follows :— 


SuB-OrpER [.—ARTHROPLEONA. 
Body linear and sub-cylindrical, the limits between 
each of the segments of the abdomen distinctly indicated. 
Vesicles of the ventral tube short and sac-like. 


* Folsom remarks that if the eggs be exposed to sunlight the 
embryos become blackish blue before hatching. 
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Fam. I., Entomobryide.—Scales present 
or absent. Springing organ well developed. Jsotoma, 
Entomobrya, Orchesella, Lepidocyrtus, Actaletes, Beckia, 
&e. , 

Fam.II., Achorutide .—Scales never present. 
Springing organ greatly reduced or absent. Podura, 
Achorutes, Anurida, Xenylla, Aphorura, Neanura, &c. 


SuB-OrpER II.—SyMPHYPLEONA. 


Body sub-globular, the abdominal segments more or 
less fused together. Vesicles of the ventral tube long and 
tubular or short and sac-like. 

Peat Simin t hurid 2 —=With “the 
characters of the sub-order. Sminthurus, Sminthurides, 
Papirws, Neelus (Megalothoraa). 

These insects are found in a great variety of situa- 
tions; they occur among dead and decaying vegetable 
matter of all kinds, they may be found among moss, 
under the bark of trees, and can be obtained from road- 
side herbage of almost every description. They are 
plentiful on the borders of ponds and streams, and are 
also to be met with on the surface of the water itself; some 
few species inhabit the sea-shore and others are to be 
found on the surface of the snow and glaciers. The only 
condition which seems essential for their welfare is that 
considerable amount of moisture is present, for they seem 
incapable of surviving in very dry situations. 

The order is practically world-wide in its distribution, 
and it is remarkable also on account of the extremely 
wide distribution enjoyed by many of its individual 
genera and species. The genus /sotoma, for instance, 
seems almost cosmopolitan, it being known from both 
Arctic and Antarctic regions, and is distributed through- 
out Kurope and many parts of North America. It has 
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been recorded from Argentina, Sumatra, the Sandwich 
Isles, and the Bismark Archipelago, and also from the 
Azores. Among species, Achorutes armatus is found 
throughout the greater part of the Holarctic region, as 
well as in South America, New Zealand and Sumatra; 
and Sminthurus hortensis has a wide distribution in 
northern and central Europe, and is also known from 
North America, Tierra del Fuego, and Japan. 

In colouration a wide range is exhibited among the 
various species. Many forms are of a uniform dull blue- 
black, as in Anureda; others are green or yellowish, with 
irregular patches of a darker colouring; a few species are 
banded or ringed; some are all white; and metallic forms 
are not infrequent. 

In the greater number of Collembola the body is 
clothed with hairs, but in some genera,suchas T’omocerus 
and Leprdocyrtus, it is scaled, although hairs are not 
altogether wanting. The hairs (text-fig. 4) may be simple 
and tapering, clavate, or flattened and partially resemb- 
ling scales, or compound as in the Entomobryide. The 
scales bear a close resemblance to those of the Lepidoptera 
but, acording to Sommer (23), they differ from them in _ 
that they have no connection with the underlying 
hypodermis. They are familiar to microscopists on 
account of their being favourable test objects for the 
capabilities of high power objectives. 

The head varies considerably in the three families. 
In the Sminthuride it looks almost vertically downwards, 
among the Entomobryide it is also pointed downwards, 
but in rather an oblique direction, while in the 
Achorutide it 1s directed straight forwards in a line with 
the rest of the body. The antennz have from four to six 
joints; they may be short and stout, as in the 
Achorutidze, or long and slender, as in Orchesela and 
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Tomocerus. In the latter genus and some species of the 
Sminthuride the terminal joint is much longer than the 
rest and is annulated. With the exception of Weelus, 
the Sminthuride usually have elbowed antenne. 

The thoracic segments are usually sharply defined ; 
the prothorax is generally the smallest division of the 
three. In the Sminthuride the thorax is greatly com- 


Text-Fieg. 1.—Abdomen of an embryo Isotoma, showing appendages 
(after Prowazek, enlarged). v, ventral tube; hm, 
hamula or ‘ catch’; fr, furcula or ‘ spring.’ 


pressed between the relatively large head and abdomen 
and, furthermore, the metathorax becomes partially fused 
with the first abdominal segment. MNeelus (Megalo- 
thorax), however, is remarkable on account of the enormous 
development of the thorax, which greatly exceeds the 
abdomen in length and bulk. 

The legs have no true tarsal segments, and they 
terminate usually in two claws, an upper and a lower, 


DD 
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which are inserted on the end of the tibia. (text-figs. 2, 3 
and 4). In frequent instances the lower claw is greatly 
reduced, or it may be wanting altogether, as is the case 
in Anurida. There are frequently found in relation with 
the claws several (usually three) stiff hairs or sete, which 


are swollen at their extremities.* These structures are 


<| 


Trext-Fig. 2.—I., Isotoma palustris: m, manubrium; d, dens; 
t,mucro. II., Extremity of fore foot. III., Eyes and 
post-antennal organ (the arrow is directing forwards.) 
IV., Mucro. V., ‘Catch’: cp, corpus or basal portion ; 
r, ramus. 

inserted irto the distal end of the tibia, and are known as 
tenent hairs (text-fig. 4). They appear to be modified 
glandular sete, and exude from their extremities a small 
drop of a sticky semi-gelatinous fluid. These hairs. are 
adhesive in their function, and they aid the insect in 
climbing smooth or steep surfaces. 


* These hairs are not peculiar to the Collembola, but are found in 
many larve as well as in those aduit insects in which the adhesive 
pads or pulvilli are wanting, 
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_ The abdomen never consists of more than six seg- 
ments; the first segment always bears the ventral tube, 
which represents a pair of fused appendages. Appendages 
may also be present on the third (the “ catch’) and fourth 
(the springing organ) segments respectively (text-fig. 1). 
The ventral tube is the most constant of all Collembolan 
structures. It attains its highest degree of development in 
the Sminthuride, where it ean emit a pair of long, tubular 
vesicles (text-fig. 3). These may exceed in length the 


Text-Fieg _3.—Sminthurus viridis. 1., Springing organ: m, manu- 
brium ; d, dens; t, mucro. II., Extremity of fore foot. 
III., Animal viewed from the side: vt, ventral tube ; 
k, ‘catch’; m, manubrium; d, dens; ¢, mucro. 


whole animal, and they are frequently studded with small 
papillae. Almost every transition can be found between 
this greatly developed condition to where the ventral tube 
exists only in the form of a bilobed tubercle and capable 
of only a very limited amount of protrusion. 

By far the majority of Collembola possess a pair of 
partially fused :ppendages in relation with the fourth 
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abdominal segment and which function as a springing 
organ to enable the Insect to take sudden leaps when 
alarmed or otherwise disturbed. The force necessary to 
generate the leap is obtained partly by the action of 
special muscles and partly in virtue of the elasticity of the 
organ itself. In form the springing organ 1s fork-like 
(text-fig. 3), and is composed of an unpaired basal piece 


Text-Fic. 4.—I., Compound hair of an Entomobrya. I1., Clavate 
hair of a Tomocerus. III., Scale of Tomocerus vulgaris. 
IV., Extremity of middle foot of Isotoma sensibiltrs, 
showing three tenent hairs. 


or manubrium (m), carrying at its distal end a pair of 
arms, which are termed the dentes (d). Each dens 
terminates in a small claw-hke process—the mucro (¢.); 
the mucro varies greatly in form among different species, 
and affords a useful character for the recognition of the 
latter. In the Achorutide the springing organ is either 
greatly reduced in size, as in Podura, Achorutes, and 
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Neanura, or is wanting altogether, as in Anurida, 
and Anurophorus. 

Many species also retain a pair of appendages on the 
third segment of the abdomen. ‘These resemble the 
springing organ in their general form, but are very much 
smaller in size. Similar to the spring, they consist of 
a basal piece, which carries two arms; the former is 
termed by Tullberg the corpus (cp. in text-fig. 2), and the 
two latter the rami (r.). This organ is usually known as 
the ‘‘ catch,’ or hamula, and it is believed to serve to 
retain the spring in position when the latter is stowed 
away under the abdomen while not in use. The manu- 
brium of the springing organ is retained between the two 
rami of the “ catch.” 

A variable number of eyes are generaly present on 
either side of the head behind the antenne ; their number 
may vary even among different species of the same genus. 
In Templetoma there is but a single eye on each side; in 
Anura muscorum there are three; in Xenylla and Anurida 
marituma there are five; 1n Z’omocerus and Orchesella six ; 
while in Achorutes they reach the maximum number, viz., 
eight. In some Collembola they are absent, as in 
Lipura, Beckia and Anurida granaria. 

The post-antennal organ assumes a great variety of 
forms among various genera. In Jsotoma and Anuro- 
phorus it is simple and ring-like, but in Lipura and 
Anura it attains considerable complexity of structure. 
In some few forms (¢.c., Lipura) there may be present 
curious structures, known as pseud-ocelli or puncta 
ocelliformia. They are situated in front of the post- 
antennal organ, and between it and the antenna; they 
appear to have nothing to do with eyes, and their 
function is unknown. In certain species of Aphorura 
they have a much wider distribution over the body. 
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Sensory organs of varied form are usually present on 
the ultimate and penultimate segments of the antenne. 
An account of these structures is given by Absolon 6) 
and also by Borner (7). 

The mouth-parts in all Collembola appear deeply 
insunk within the head capsule; this condition is a 
secondary one, having been brought about through their 
becoming overgrown and partially surrounded by the side 
folds of the head. Those of Anura are greatly specialised 
and differ from the mouth-parts of other Collembola in 
being purely suctorial. In this genus the labrum and 
labium together form a conical tube, in which the rest 
of the mouth-parts are contained, the latter being 
modified into stylets and used for piercing purposes. 

The digestive canal is a simple tube passing from the 
mouth to the anus without presenting any conyolutions, 
and this condition appears to be constant in all the genera 
yet studied. The mid-gut of Veelws is remarkable on 
account of its being sub-divided into a series of four 
successive chambers. With the exception of salivary 
glands, no accessory structures are associated with the 


alimentary canal. 
The nervous system appears to exhibit very little 


degree of variation throughout the order. 

Special respiratory organs are wanting, except in 
species of Smnthurus, Sminthurides, and in Aetaletes 
neptunt Giard; 1n these forms trachez are present. Trache 
are well known to be found in Sminthurus, and it is in 
that genus that they are best developed. According to 
Willem, on either side of the body, between the head and 
the prothorax, there is placed a simple stigmatic crypt, 
from which bunches of trachee arise and are distributed 
to the head, the legs and the abdomen; * no anastomoses 


* The exact position of the spiracles appears to require further 
study. Lubbock and Tullberg maintain they are situated on the 
head, while Haase states that they are placed on the prothorax. 
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take place between the trachee of opposite sides of the 
body. In Smnthurides and Actaletes Willem states that 
the tracheal branches are entirely confined to the head, 
while in Papirius he has discovered two invaginations 
which correspond in their position with the stigmata of 
Sminthurus, and regards them as being the last remnants 
of a tracheal system. 

The heart in the Arthropleona is similar to that of 
Anurida; in the Symphypleona it is much contracted, 
not extending further backwards than about one-third of 
the length of the abdomen. Willem states that in this 
sub-order it is only furnished with two pairs of ostia. 

The reproductive system presents very little range of 
variation; a median ventral diverticulum of the genital 
canal may occur in the male (Sminthurus) as well as in 
the female (Anurida). 


VIL.—THE AFFINITIES OF THE COLLEMBOLA. 


The most marked characteristic of the Collembola 1s 
the fact that the abdomen consists of only six segments, 
and at no stage in the development are there known to be 
more than that number present. Among all other insects, 
including the Thysanura, wherever the embryology has 
been studied, the abdomen has been found to consist of 
not less than ten segments, together with a telson. The 
significance of this feature of the Collembola has not been 
emphasised by morphologists, although it is one of the 
most fundamental characteristics of the order. It is 
reasonable to believe that this character has been acquired 
from the primitive ancestors of the Insecta, whose meta- 
merization had not yet become fixed and limited to a 
definite number of segments. In this respect, therefore, 
the Collembola are very much isolated from the rest of the 
Insecta, and the question arises as to where their affinities 
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lie. The sum total of the characters of the order indicate 
that they are more closely allied to the Thysanura than to 
any other order of Insecta, but that they also possess certain 
generalised features in common with the lower Arthropoda. 

The Collembola are allied to the Thysanura in that 
they are the only two orders of Insecta which possess an 
evident pair of mouth-parts—the maxillule, which are 
intercalated between the mandibles and first mawxille. 
They further resemble the Thysanura in the absence of 
any traces of wings, and in the fact that they undergo no 
metamorphoses. It is with the genus Campodea that 
their affinities come closest, and they resemble that genus 
in their mouth-parts being withdrawn into the head 
capsule, in the ovaries consisting of a single tube on 
either side, there being no ovarioles, and in the absence 
of an amnion and serosa in the embryo. 

The Thysanura have been divided by Grassi into two 
divisions, viz., the Entotrophi, including the genera 
Campodea and Japyz, and the Kctotrophi, which com- 
prise Machilis and Lepisma. The Entotrophi, as their 
name implies, have their mouth-parts retracted within 
the head, and it is true that they are more closely related 
to the Collembola than is the case with the Kctotrophi. 
The relationship, however, is not sufficiently close to 
warrant the Collembola being included as a sub-division 
of the Entotrophi, as has been suggested by Stummer- 
Traunfels (24). The difference in the number of segments 
to the abdomen in the two groups presents a serious 
difficulty to any such system of classification. It is by 
no means certain that the entognathous condition of the 
Colembola and Entotrophi is anything more than a 
parallelism in evolution and, 1f that be so, it would be of 
little value as a character implying a close relationship 
between those two groups. 
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The presence of maxillule in the Collembola is a 
primitive feature which is shared with the Symphyla and 
Diplopoda; these mouth-parts are the representatives of 
the Crustacean first maxille (vide Table on p. 426). 
Furthermore, the occurrence of embryonic tritocerebral 
appendages—the homologues of the Crustacean second 
antennee, 1s also a primitive character which they only 
share with the Thysanura. 

In the general structure of the ovary, and the absence 
of follicles, the Collembola, as Claypole has pointed out, 
resemble the Myriapoda more closely than the Thysanura, 
and come nearer to Scolopendrella than any other type. 
An additional Myriapod feature is perhaps seen in the 
post-antennal organs, which are peculiar to the Collembola 
among Insecta. They are regarded by Willem as being 
homologous with Tomosovary’s organs in Myriapods, and 
the recent researches of Hennings” and Hallert support 
that conclusion. 

In addition to the above mentioned characters, there 
are a number of generalised features which suggest that the 
Collembola are primitive animals. The most important 
are: —(1) The extremely simple condition of the spiracles 
where they are present; as Willem has pointed out, they 
are nothing more than mere stigmatic crypts, and are to 
all appearances similar to those of Peripatus. (2) The 
nature of the digestive system, which is a_ perfectly 
straight canal passing from the mouth to the anus 
without presenting any convolutions. (3) The absence of 
any external genital armature. (4) The relatively simple 
nature of the eyes, each of which may be compared to a 
single ommatidium of a compound eye. 

Side by side with these generalised characters, 

* Zertschr. f. wiss. Zool., 76, 1904, p. 26. 
+ Arch. f. mik. Anat., 65, 1905, p. 181. 
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indications of very considerable specialization are 
exhibited 1n the concentration of the nervous system, 1n 
the mouth-parts being insunk within the head capsule, 
in the structure of the springing organ and the ventral 
tube, and in the reduction of the number of abdominal 
segments to six. 

Summing up, it may be said that the Collembola 
show certain features in which they resemble the 
Thysanura on the one hand and the lower Arthropoda on 
the other while, at the same time, they have undergone 
very considerable specialization along lines of their own. 
There do not appear to be any grounds for regarding them 
as being degenerate animals. If the results of future and 
more extended investigations definitely establish that 
none of the Collembola have more than six abdominal 
segments present in the embryo, their relationships with 
the Thysanura and the rest of the Insecta will probably 
prove to be much more distant than is implied by the 
above remarks. It would assuredly be a_ sufficiently 
fundamental character to separate them as a group from 
all other Insects. 


VIII—MARINE INSECTS.* 


Contrary to what is usually believed among 
naturalists, a considerable variety of insects are known to 
inbabit the sea-shore below high-water mark, and to 
undergo daily submersion during one or more periods in 
their life-history. Very little attention, however, has 
been devoted to them at present, and most probably a 


* The term ‘‘marine’’ is only strictly applicable to insects in a 
very limited number of instances. Although many of the species 
included in the above account undergo frequent submersion by the 
tide during one or more periods in their life-histeries, others do not, 
and are more strictly speaking to be regarded as ‘‘ littoral ’’ insects. 
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much larger number are awaiting discovery. With very 
few exceptions, marine insects are small in size, seldom 
exceeding more than a few millimetres in length, and 
perhaps the only one which attracts the attention of the 
casual observer is the fly Coelopa frigida. This insect at 
certain seasons of the year may be seen flying in immense 
swarms over the surface of decaying Fuci and other Alge 
cast up on the shore by the tides. | 

Plateau has drawn up a list of 40 genera, and 
embracing 80 species of Tracheate Arthropods, which are 
known to inhabit the sea-shore and to be subjected to 
submersion by the water. In the greater number of these, 
he remarks, the power of living under such conditions is 
not due to their possessing any special mechanisms to 
enable them to do so, but to the general property these 
animals have of being able to resist asphyxiation for 
prolonged periods. Huis lst includes Insects, Myriapods, 
Pseudoscorpions, and Acari. 

Most of what is known concerning marine insects jg 
comprised in the following works : — 


A. S. Packard.—On Insects inhabiting Salt Water. 
Am. Journ. Sci., 1871; also Proc. Essex Inst., 
1868, and Ann. Mag. Nat. Host., ser. 4, vol. viil. 
F. Plateau—Les Myriapodes Marins. Journ. de 
LOAN Gi Ct TE NYS, X&ViIng OOO) 
L. C. Miall.—The Natural History of Aquatic Insects. 
London, 8vo. 
G. H. Carpenter.—The Insects of the Sea. Knowledge, 
1901. 
The following list includes most of the marine Insects 
inhabiting the British coasts, and has been principally 
compiled from the writings of Plateau and Carpenter. 
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CoLLEMBOLA. 


Among the Collembola a marine habitat has been 
independently acquired by species belonging to both the 
Entomobryide and Achorutide but, up to the present, 
none of the Sminthuride are known to frequent the 
confines of the sea-shore. 

In addition to Anurida maritima, the following 
species of marine Collembola occur in the British Isles. 
Those species indicated with an asterisk are not 
exclusively marine, but are also found far inland. 


Isotoma littoralis, Mon. *Xenylla humicola, Tullb. 
*T. palustris (Mull.) *X. marituema, Tullb. 

I. Schotti, Dalla Torre. Actaletes neptunt, Giard. 

I. Beselsw, Pack. (= Isotoma crassicauda, 
*T. marituma, Tullb. Tullb.) 
*TI. sexoculata, Tullb. * dA chorutes viaticus, Tullb. 


THYSANURA. 


Machilis maritima (Leach). 


CoLEOPTERA. 


The greater number of marine representatives of this 
order consist of wingless forms, and many of them have 
their bodies very much flattened, which enables them to 
ensconce themselves in small crannies and fissures among 
the rocks during the time they are submerged by the sea. 
Their bodies are frequently covered with a coating of 
hairs, which prevents them from being wetted, and also 
encloses a certain amount of air, which is utilised during 
respiration under water. Marine beetles hide themselves 
by burrowing in the sand, or lurking under stones or 
decaying seaweed; at low tide they may be often seen 
running over the rocks or sands, 
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Cercyon littoralis, Gyll. 

C. depressus, Steph. 

Heterocerus marginatus, 
Bose. 

Lymnaeum nigropiceum, 
Marsh. 


Cillenus lateralis Sam. 


Trechina lapidosus, Daws. 


Bembedium concinnum, © 
Putz. 

B. ephippwuim, Marsh. 

Aepus marinus, Stroem. 

A. Robi, Lab. 

Micralymma brevipenne, 


Gyll. 


Trogophloeus anqlicanus, 
Sharp. | 

Myrmecopora (Xenusa) 
uvida, Kr. 

M. sulcata, Kies. 

Cafius cicatricosus, Hr. 

C’. xantholoma, Grav. 

C. sericeus, Holme. 

C. fucicola, Curtis. 

Actocharis Readingu, 
Sharp. 

Phytosus spinifer Curtis. 

P. balticus, Kraatz, 

P. nigriventris, Chey. 

Diglossa mersa, Hal. 

D. stlmaticollis, Rey. 


DiIprerRa. 


A marked feature among marine flies is the reduction 
or total atrophy of the wings. The first stage in the 
reduction is seen in Chersodromia arenaria, where the 
wings are much shortened so as to be of very little service 
in flight. This is carried a step further in a Southern 
France species, Psamathiomya pectinata, Derby, in which 
the wings have become greatly narrowed and strap-lke, 
and the nervures atrophied; a similar condition is seen 
in a Californian marine fly, Hretmoptera Browni, Kellogg. 
An extreme case occurs in the females of the genus 
Clunio, where the wings have disappeared completely, 
although in the males they are tolerably well developed. 

This reduction of the wings has been explained as 
being an advantageous condition, since it prevents the 
insects from being blown out to sea, A similar explana- 
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tion has been made to account for the frequent occurrence 
of wingless insects on oceanic islands. Among the few 
insects, for instance, known from Kerguelen Land there 
are three species of flies whose wings are atrophied, in 
one instance they have gone altogther, and in the other 
two cases they are reduced to mere scale-like appendages. 

Marine Diptera are principally met with flying over 
the masses of /wcz cast up by the tide on the shore; some 
few, however, may be seen skimming lightly over the 
surface of the water in the tide-pools. Most of the larvee 
of these flies feed on thrown-up Fucus and are covered at 
each tide, but those of the Chironomide are submerged 
during the whole course of their life, and subsist on 
Cladophora and other green Alge growing in the pools 
left among the rocks by the receding tide and, further- 
more, they have also been dredged up from a depth of 
over ten fathoms. 

The following British Diptera are all marine: — 


Fucellia fucorum (Fall). Aphrosylus raptor, Halid. 

Coelopa frigida, Meig. A. ferox, Halid. 

Orgyma luctosa, Meig. Thalassomyia Frauen- 

Actora aestuum, Meig. feldu, Schiner. 

Glenanthe ripicola, Halid. Chironomus sp. ? 

Chersodromia arenaria, Clunio marinus, Halid. 
Halid. Clunio bicolor, Kieff. 


HEMIPTERA. 
Aepophilus Bonnairei, Sign. 

The species of /1Lalobates and SfHalobatoides are 
exclusively marine and inhabit the tropical waters of the 
oceans. They have not been found turther northward 
than Spain, 
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TX.—LITERATURE. 


In the following catalogue the more important papers relating 
to the Collembola are enumerated, but it is not intended as a complete 
bibliography of the order. The earlier literature of the subject has 
been purposely omitted as references to practically all papers prior to 
1870 will be found in Lubbock’s “ Monograph” and Tullberg’s 
“ Sveriges Podurider.”’ 

The only general treatise is Lubbock’s “Monograph of the 
Collembola and Thysanura,” published by the Ray Society in 1873. 


A.—Bionomics. 


1. Davenport, C. B.. The Collembola of Cold Spring Beach, 
with special reference to the movements of the Poduride ; Cold Spring 
Harbor Monographs, No. I1., Brooklyn, 1903. 

2. LaBouLBENE, A. Recherches sur lTAnurida maritima, 
insecte Thysanoure de la famille des Podurides; Ann. Soc. Entom. 
Fr., Ser. 4, T. IV., 1864, p. 705. 

3. L&catmton, A. Notes sur habitat et les moeurs de quelques 
Collemboles ; Bull. Soc. Philom. Paris, 9e Sér., T. IIT., 1900-01, p. 67. 

4. Montez, R. Acariens et Insectes marins du Cotes du 
Boulonnais ; Rev. Biol. Nord. Fr., T. II1., 1889-90, p. 347. 

5. Wituem, V. WL’influence de la Lumiere sur la Pigmentation 
de Isotoma tenebricola; Ann. Soc. Entom. Belg., T. XULV., 1901, 
p. 193. 


B.—Morphology and Physiology. 


6. ApsoLton, C. Uber Neanura tenebrarwm nov. spec. aus den 
Hohlen der mihrischen Karstes; itiber die Gattung Tetrodontophora 
Reuter und einige Sinnesorgane der Collembolen; Zool. Anz., 
Bd. XXIV., 1901, p. 575. 

7. Borner, C. Uber das Antennalorgan III. der Collembolen 
und die systematische Stellung der Gattungen Tetracanthella Schott 
und Actaletes Giard; Zool. Anz. Bd. XXY., 1902, p. 92. 

8. Frrnaup, H. T. The Relationships of Arthropods; Studies 
Biol. Lab. John’s Hopkins Univ., Vol. IV., No. 7, 1890, p. 431. 

9. Forsom, J. W. The Anatomy and Physiology of the Mouth- 
parts of the Collembolan Orchesella cincta, L; Bull. Mus, Comp. 
Zool, Harvard, Vol, XX XV., No. 2, 1899, p. 7. 
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10. Forsom, J. W. The Development of the Mouth-parts of 
Anurida maritima Guer.; Bull. Mus. Comp. Zool. Harvard, Vol. 
XXXVL., No. 5, 1900, p. 87. | 

11. Hzymons, R. Uber die Bildung und den Bandes Darm- 
canals bei niederen Insekten; SB. Ges. Naturf. Berlin, 1897, p. 111. 

12. Horrmann, R. W. Uber den Ventraltubus von Tomocerus 
plumbeus L. und seine Beziehungen zu den gropen unteren Kopfdrisen. 
Hin Beitrag zur Kenntnis der Collembolen ; Zool. Anz. XXVIII, Bd. 
Nr. 3, 1904, p. 87. 

13. Horrmann, R. W. Uber die Morphologie und die funktion 
der kanwerkzeuge von Tomocerus plumbeus L. II., Beitrag zur 
Kenntnis der Collembolen ; Zeits. f. wiss. Zool., Bd. LX XXII., 1905, 
p- 638. | 

14. L&carton, A. Recherches sur Vovaire des Collemboles ; 
Arch. @ Anat. micros., T. IV., 1901, p. 471. 

15. Lfcamuon, A. Sur le testicule d’Anurophorus laricis ; 
Bull. Soc. Philom. Paris, 9e Sér. T. IV., 1902, p. 46. 

16. L&catmion, A. Sur le testicule d’dnurida maritima; Bull. 
Soc. Hntom. Fr., 1902, p. 64. 

17. L&camton, A. Sur la disposition, la structure, et le 
fonctionnement de Vappareil reproducteur male des Collemboles ; Bull. 
Soc. Philom. Paris, 9e Sér., T. IV., 1902, p. 99. 

18. Nassonow, N. The Morphology of Insects of Primitive 
Organization: Lepisma, Campodea and Podura; Stud. Lab. Zool. 
Mus. Moskaw, I11., 1887, p. 15. (In Russian, but useful for figures). 

19. Ourers, KE. pr. Annotationes ad Anatomiam Podurarum, 
Diss. inaug. Berolini, 1862. 

20. Ouprmans, J. T. Beitraige zur Kenntnis der Thysanura 
und Collembola, Bijdr. tot Dierk., Aflev. 16, 1888, p. 147. (Is a 
translation of “ Bijdrage tot de Kennis der Thysanura und Collembola,” 
Amsterdam, 1887, with a few brief additions). 

21. Prowazex, 8. Bau und Entwickelung der Collembolen ; 
Arbeit. Zool. Inst. Wien, Bd. XII., 1899-00, p. 335. 

22. Reuter, O. M. Sur la fonction du tube ventral des 
Collemboles ; Hntom. Tidskr., 1 Jahre, 1880, p. 162. 

23. Sommer, A. Uber Macrotoma plumbea. Beitrige zur 
Anatomie der Poduriden ; Zeits. f. wiss. Zool., Bd. 41, 1884-85, p. 683. 

24. Stummer-TRAuNFELS, R. R. von. Vergleichende Unter- 
suchungen iiber die Mundwerkzeuge der Thysanuren und Collembolen ; 
SB. Akad. Berlin. Bd. 100, Abth. 1, Heft. 4, 1891, p. 216. 

25. Witutmm, V. Les yeux et les organes postantennaires des 
Collemboles; Ann. Soc, Ent. Belg.,'T. XLI., 1897, p. 225. 
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26. Wituem, V. Les glandes céphaliques des Orcheselles ; 
Arch, de Biol., T. XVII., 1900, p. 653. 

27. Witutrm, V. Recherches sur les Collemboles et les 
Thysanoures; Mém. cour. 1 Acad. Sci. Belg., T. LVIII., 1900. 

28. WituEM, V. ET SaBBE, H. Le tube ventral et les glandes 
céphaliques des Sminthurus; Ann. Soc. Entom. Belg., T. XULI., 1897, 
p. 1380. 


C.—Development. 


29. Cart, J. Sur un organe embroyonnaire chez un Collembole; 
Arch. Sci. Phys. Nat. Genéve, Sér. 4, T. 15, 1903, Compte-rendu p. 601. 

30. Craypote, A. M. The Embryology of the Apterygota ; 
Zool. Bull., Vol. I1¥., No. 2, 1892,-p. 69. 

31. CraypoLtE, A. M. The Embryology and Odgenesis of 
Anurida maritima (Guér.); Journ. Morph., Vol. 14, 1898, p. 219. 

32. Eorsom, Jo W. Loc. cit. Nov 10: 

33. Lemoine, V. Recherches sur le développement des Podu- 
relles; Assoc. Fr. p. VAvanc. Sci., 1882, p. 483. 

34. OvnGANINne, W.N. (or Unsanin). Sur le développement des 
Podurelles; Arch. Zool. Gen. et Hxup., T. I1V., 1875, p. xxix, and 
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35. Packard, A. 8S.  Embryological Studies on Dzéplaz, 
Perithemis, and the Thysanurous Genus Isotoma; Mem. Peabody 
Acad. Sci., Vol. I., 1871. | 

36. ProwazexK, 8S. Loc. cit. No. 21. 

37. Ryper, J. A. The Development of Anurida maritima Gueérin ; 
Amer. Nat., Vol. 20, 1886, p. 299. 

38. UzeL, H. “Studien tiber die Entwickelung der Apterygoten 
Insecten.”’ Berlin, 1895. 


D.—Systematic and Faunistic. 


39. Apssoton, K. Vorliufige Mittheilung uber die Aphoruriden 
aus den Hohlen des mahrischen Karstes; Zool. Anz., Bd. XXIII, 
1900, p. 406. 

40. Axsoton, K. Uber einige theils neue Collembolen aus den 
Hohlen Frankreichs und des siidlichen Karstes ; Zool. Anz., Bd. XXIV., 
1901, p. 82. : 

41. Apssoton, K. Weitere Nahricht tiber europaische Hohlen 
Collembolen und iiber die Gattung Aphorura, A, D, MacG,; Zool, 
Anz., Bd. XXIV., 1901, pp. 375, 385. 
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in the same journal). 
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X.—_ APPENDIX. 


THe PaRaAsitES oF COLLEMBOLA. 


Minchin (Lankester’s Treatise on Zoology, Part L., 
2nd Fascicule) enumerates two species of Sporozoa as 
being parasitic in Collembola, viz.:—-Gregarina podure 
(Léger) from the gut of Orchesella villosa and Glugea 
thysanure (lL. Pfr.) from the gonads of Podura aquatica. 
The occurrence of Sporozoa in Collembola has also been 
referred to by Lubbock and Sommer. 

The presence of Nematodes in the gonads of Anwreda 
is recorded in this Memoir, and Sommer states that he has 
met with them in 7'omocerus (ALacrotoma). | 

The present writer has recorded (Ann. Mlag. Nat. 
Hist. ser. (, Vol. XV., 1905) the habits of a marine 
Pseudoscorpion, Obrsiwm maritimum, Leach, which 
probably preys upon Anureda. | 


Note on Anurida crassicornis, nur. 

L. and O. M. Reuter (86) describe this species from 
the river Tay, near Perth, and state that it is very hke 
and allied to A. maritima, but differs in its much shorter 
and thicker antenne, in the structure of the head (the 
inter-antennal lobe being pentagonal, with almost straight 
sides and well separated from the rest of the head) and in 
the more robust body. The description is unaccompanied 
by any figures, and, according to Carpenter and Evans 
(54), the types are unfortunately lost. 


Tur Kconomic Asrecr oF COLLEMBOLA. 
Springtails have not up to the present attracted much 
attention from economic biologists, though occasionally 


instances are known where they have done injury to 


v 
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cultivated plants (vide Carpenter, Proc. Ass. Econ. Biol., 
Vol. I., Pt. I., July, 1905). Dr. Traquair (Report to the 
Plans and Works Committee of the Edinburgh Town 
Council, March, 1906; and The Scotsman, March 2nd, 
1906) has recently dealt with the occurrence of Collembola 
in hydrant boxes and water cisterns in Edinburgh. 
Although the presence of these insects in such situations 
is in itself harmless, the abundance in which they 
were found is evidence that they find an ample food 
supply there, and herein les the danger, for it points to 
the water being contaminated. 


Nore on HistotocicaL TEcunieux, &c. 

Specimens of Anwda are best collected from off the 
rocks and weed by means of a camel-hair brush, and 
transferred into a phial containing 70 per cent. spirit; 
if it be desired to obtain them in large numbers, they can 
frequently be scooped up in quantities from off the surface 
of the tide-pools, using for the purpose a metal spoon or 
some similar instrument. 

The mouth-parts and sense organs can be easily 
studied by treating the head with a weak solution of 
potassic hydrate, which, by dissolving the soft parts, 
renders it gradually transparent. This should be 
performed on a slide, under the lower power of the 
microscope, and the action of the alkali checked, as soon 
as the mouth-parts assume a pinkish-violet, by running in 
alcohol under the cover-glass. 

If it be necessary to preserve the animals for histo- 
logical purposes, they are best brought away alive in a 
vessel containing sea water, and then transferred with a 
camel-hair brush into hot 70 per cent. alcohol, and after- 
wards passed into that of 90 per cent. strength. Hot 
corrosive sublimate or picro-sulphuric acid can also be 
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used with advantage for killing and fixation. Whichever 
reagents are used, the specimens should be afterwards 
placed in 90 per cent. alcohol, to which have been added 
about five drops of potassium hypochlorite (concentrated 
solution) to each fluid ounce of the alcohol. After 
remaining in this for about half an hour, they should be 
washed in fresh alcohol of similar strength and then 
passed into absolute alcohol. ‘The potassium hypochlorite 
serves to remove the pigment, and also softens the 
chitinous parts and aids in section cutting. 

The process of embedding 1s best performed in watch- 
glasses, using paraffin of a low-melting point, which is 
afterwards replaced by hard paraffin for cutting. For 
staining, the best results were obtained by using 
Mann's methyl-blue-eosin and Heidenhain’s iron-alum 
hematoxylin. All staining was done on the slide by 
prolonged treatment, and afterwards washed out to the 
required degree of colouration. 

The eggs were killed and fixed in both hot water and 
hot 70 per cent. alcohol, and afterwards kept in 90 per 
cent. alcohol for five weeks for hardening purposes. After 
this treatment, the egg membranes can be dissected away 
from the embryos with the aid of a pair of fine needles 
under a low-power microscope. ‘The embryos can then be 
stained with borax carmine, and mounted whole 
in glycerine for examination. For instructions as to 


sectioning the eggs, vide Folsom (10). 
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PLATES. 


REFERENCE LETTERING. 


a, b = Direction of the section in 
fig. 52. 
ab. app. }~* = Abdominal appen- 


dages. 

abd., 1:8. end6 — Abdominal seg- 
ments. 

a. blb. = Last chamber of heart. 

a. gl. = Acinose gland of ventral 
tube, 

al. m. = Alary muscle. 


al, t. = Tendon of alary muscle. 

an. = Antenna. 

an’ = Anus. 

at. n. = Antennal nerve. 

b.c. = Blood corpuscles. 

b. cav. = Body cavity. 

b.m. = Basement membrane. 

c. = Inner layer of cuticle. 

c.’ = Outer layer of cuticle. 

car. = Cardo. 

cav. = Foramen leading into 
cavity of mandible. 

ch. = Chromatin. 


/ 


ch.’ = Outer membrane of egg. 
chb. = Common Chamber. 


ch. b. = Chromatin body. 


ch. e. = Torn edge of outer egg 
membrane. 
cire. m. = Circular muscle fibres 


of oesophagus. 


clu. = Clypeo-labral rudiment. 

clyp. = Clypeus. 

c. m. = Circular muscle fibres of 
mid gut. 


c. m. 6. = Circular muscle bands. 
c. m. 7. = Union of circular 
muscle fibres. 


conn. = Para-oesophageal con- 
nective. 

conn. | 2 3 = Connectives of ven- 
tral nerve cord. 

c.p. = Central mass of protoplasm. 


Cine: ) = Connective tissue 
En TD Od! membrane. 
c. t. m. = Connective tissue coat 


of mid gut. 
cut. = Cuticle. 
d. b. = Dark transverse band. 


Ht 


dep. Cup-like depression. 

deu' ceb. = Deutocerebron. 

dil. an. m. = Dilator muscles of 
anus. 

dil. rect. m. = Dilator muscles 


of rectum. 


div. = Median diverticulum of 
vagina. 

dre. = Deutocerebrum. 

d. 8. lee Successive stages in 

dais development of 

des spermatozoa. 

d. t. = Duct of the acinose gland. 

dtl. = Ductule of salivary gland. 

ec. = Ectoderm. 

em. nem. = Nematode embryo. 

en. = Future endoderm cells. 

ep. = Epithelium. | 

eper. = Epicranium. 


epith. = Fore-gut epithelium. 
epith. th. = Epithelial thickening. 


ex. g. = Excretory granules. 
eac. or. = Fatty body. 
gal. = Galea. 


g.c. = Ganglion cells, 
gc.’ = Germ cells. 
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gt. = Tubular gland. 
gl. ap. = Aperture of tubular 


glands. 
gl.dt. | = Ducts of tubular 
ie hi.” ) glands. 


gon. = Gonad. 

g. p. = Lateral pouch of mid-gut. 

g. t. = Germinal tissue. 

oe) Ee air’, 

h. c. = Modified hypodermis cell. 

h. cell. = Trichogenous cell. 

hd. = Hypodermis. 

h.’ d.” = Ventral surface of head 
- (2nd maxille). 

h. g. = Hind gut. 

h. g. epith. = Hind gut epithelium. 


h. g. m. = Circular muscles of 
hind gut. | 

hs. = Striated hem or “ hiirchen- 
saum.” 

ht. = Heart. 

inf. oes. g. = Infra-oesophageal 
ganglion. ; 

inf. oes. m. = Posterior series of 
dilatores pharyngii muscles. 

i. p. = Intra-testicular prolon- 
gations. 


k. m. = Krause’s membrane. 
l. = Lumen. 

lac. = Lacinia. 

lb. = Labium (2nd maxille). 
l. c. = Lentigen cell. 

ling. = Lingua, or tongue. 
ling. st. = Lingual stalk. 

l. m. = Longitudinal muscle fibres. 
ln. = Lens. 

1. n. = Lateral nerve. 

lr. = Labrum. 


l. s. m. = Longitudinal sternal 
muscles, 

2 t. m. = Longitudinal tergal 
muscles. 


mM. ) 
, ) ==Muscles. 
m. 
md. = Mandible. 
md. g. = Mandibular ganglion. 


md. p. = Pharyngeal pocket of 
left mandible. 

med. f. = Medifurca. 

memb. = Inner egg membrane. 

mes. = Mesoderm. . 

m. f. = Muscle fibres. 

m.g. = Mid-gut. 

m.g. epith. = Mid-gut epithelium. 

m. n. = Median nerve. 

m.’ n.” = Mandibular nerve. 

m. n. br. = Lateral branch of 
median nerve. 

m. nuc. = Nucleus of muscle fibre. 

nvo. = Mouth. 

m. pr. = Male pro-nucleus. 

m. 8. = Line of apposition of dis- 
tal portions of 2nd maxille. 

musc. = Dilator muscles. 

m. w. = Muscular wall of heart. 

mx. hd. = Head of 1st maxilla 

mx.’ g. = Ganglion of Ist maxilla. 

mx.” g.= Ganglion of 2nd maxilla. 


mx.’ n. = Nerve to Ist maxilla. 
mx.2 n. = Nerve to 2nd maxilla. 
mx. p. = Pharyngeal pocket of 


left maxilla. 
maul. = Maxillula. 


maul. g. = Ganglion of maxillula. 
maul. n. = Nerve to maxillula. 
Nn. 

= Nucleus. 
WUC, ) 
nem. = Nematode worm. 
nem. = Transverse section of 


Nematode worm. 


neur. = Neurilemma. 

n. f. = Nerve fibres. 

nN. v. | = Abdominal nerve 
Ne Dig (or nerves). 
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0. = Ovum. 

0.’ = Ovules. 

oc: = Byes: 

od. = Oviduct. 

oes. = Oesophagus. 

o.n. = Branches of optic nerve. 

op. n. = Optic nerve. 

ost. = Ostium. 

ov. = Ovary. 

o. w. = Ovarian wall. 

p- = Pigment. 

p. a. o. = Post-antennal organ. 

pe. o. = Precephalic organ. 

per. oes. a. = Peri-oesophageal 
aorta. 

ph. =: Pharynx. 

pt. = Protoplasmic island in 
which female pro-nucleus is 
present. 


pl. = Side fold of head. 

p. 1. = Peripheral layer of proto- 
plasm. 

plm. = Coagulated blood plasma. 

plp. = Maxillary palp. 

p. 0. n. = Nerve to post-antennal 
organ. 

pre. = Protocerebrum. 

pr’ ceb. = Protocerebron. 

ps. = Pseudopodium. 

r. = Protoplasmic strands. 

r. nuc. = Nucleus of fat body. 

rep. ap. = Reproductive aper- 
ture. 

ret. = Retinal cell. 

ret. /. = Layer of fat body border- 
ing on hypodermis. 

ret. musc. = Retractor muscles of 
ventral tube. 

s = Blood containing space. 

scrp. = Sarcoplasm. 

sec. = Secretion of gland. 

s.g. = Secretory granules 

s. gl. = Salivary gland. 


slmma. = Sarcolemma. 
Ss. 0. = Sense organ. 
s.. 0.° = Possible rudimentary 


sense organs. 


sp. = Cavity formed by breaking 
down of central cells of fat 


body. 
spr. = Bunches of spermatozoa. 
st. = Stipes. 
str. p. = Striated portion of 


muscle fibre. 
sup. oes. g. = Brain. 


sup. oes. m. = Anterior series of 
dilatores pharyngii muscles. 

sut. = Suture. 

#1, % 6 = Abdominal sterna. 

tent. = Tentorium. 

t. f. = Terminal filament. 

th. = Thorax. 

th.|\-*> = Pro- meso- and meta- 
thorax. 

th. app.'—*> = Thoracic appen- 
dages. 

th. g.'*>= Pro- meso- and meta- 
thoracic ganglia. 

t. p. = Tunica propria. 

tr, app. = Tritocerebral appen- 
dage. 

tre. = Tritocerebrum. 

tr’ ceb. = Tritocerebron. 

t. s. = Substance of testis. 

i. s. muse. = ‘Tergo-sternal 


muscles. 
t.w. = Wall of testis. 
vacs. = Vacuoles. 


vag. = Vagina. 

valve c. m. = Pyloric valve. 

v.c. = Nutritive cells. 

v. @. = Epithelial layer of vagina. 
v. g. = Ventral groove. 


v. m. = Traasverse muscle. 
vs. == Terminal vesicles of ventral 


tube. 

vel, = Ventral tube. 

w. = Connective tissue coat of 
heart. 


« = Organ of unknown function. 
ip = Molle 
y. ¢. = Volk cells: 


Big. 1 
ig: 2. 
ig: 3. 
Hie. 4. 
ites) O. 
Bie) 6. 
Mie: 7. 
His. 8 
Big. 9 


ANURIDA. 445 


Pirate I. 


Anurida maritima, adult male viewed dorsally. 


x 3d. 
A group of Anurida showing their general 
appearance when alive. Vat. size. 
Ventral aspect of adult female (shading 
omitted). The ventral groove is seen as a 
shghtly sinuous line arising from a point im 
the middle line of the head and passing mid- 
way between the bases of the legs to terminate 
on the anterior border of the ventral tube. 
x 3d. 
Outline figure of the dorsal side of the head 
showing the position of the sense organs. 
x evrca 50. 
Right lateral oval protuberance of the head, 
together with the five eyes of its side. The 
post-antennal organ is seen immediately in 
EEO x 2a(). 


A piece of the chitinous cuticle from the 
abdomen showing the tubercles and some of 
the large seta-hke hairs. x 200. 

Terminal joint of left antenna viewed from its 
inner aspect. It shows the trilobed apical 
sense organ together with patches of modified 
cuticle, which are probably of a_ sensory 
mature, < 180. 

The apical sense-organ of the left antenna. 
x 600. 

Claw of left fore foot. x 420. 


Right post-antennal organ. x 1,200. 


446 


Fig. 


TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


ine 


il. 


14. 


16. 


lire 


I) 


20. 


=e 


22 


Diagram for the purpose of showing the 
relative positions of the mouth-parts to one 
another when viewed from the ventral surface. 
x crea 100. 

Ventral aspect of the apex of the 2nd maxille 
(labium). This figure and the succeeding one 
are from preparations which have been depig- 
mented to show the sculpturings of the cuticle. 
ye GO). 


Dorsal aspect of labrum and elypeus. x 160. 


Puare Se 
Dorsal aspect of the maxillule, the hngua and 
the left first maxilla--soft parts removed. 
x00. 
Dorsal aspect of right mandible. x 360. 
Vertical section of the integument, together 
with a parietal extension of the fat-body. 
From the ventral region of the meso-thorax. 
x 800. 
Vertical section of the integument passing 
through the base of a haw and a trichogenous 
cell. x 800. 
Mass of fat-body from the thorax: excretion 
scarcely yet commenced. x 400. 
Mass of fat-body from the abdomen: excretion 
actively taking place. x 400. 
Mass of fat-body from the abdomen: excretion 
far advanced. x 320. 
Longitudinal and vertical section of the ventral 
tube. x 200. 
Apex of antenna showimeg fine branches of 
antennal nerve passing to sensory organ and 


hairs. x 180. 


26. 


to 
=f 
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Horizontal section taken across the vesicles of 
the ventral tube. x 200. 

Portion of the ventral groove: region of the 
meta-thorax. x 200. 

Organ of unknown function situated on the 
floor of the fourth abdominal segment. x 520. 
Three successive transverse sections through the 
ventral groove; (a) im the head region; 
(6) in the prothorax; (c) m the meta-thorax. 


x 800. 


Pirate IIT. 


Reconstruction of sections taken through the 
head close to the middle plane. x 560. 
Section passing through the junction of the 
fore-gut with the mid-gut. x 360. 
Transverse section across the cesophagus. 
x 600. 

Section of wall of mid-gut. x 1,200. 
Transverse section taken across the rectum 
together with the vagina and its median 
diverticulum. x 9590. 

Transverse section of the ductus ejaculatorius. 
x 900. 

Blood corpuscles from a living animal. x 1,200. 
Vertical section through the  post-antennal 
organ and iwo of the eyes (partly after 


Willem). x 1,000. 


Prag eb. 
Diagrammatic figure of Anurida showing the 
relations of the principal internal organs to 
one another. x circa 40. 


Figure showing the termination of the ventral 


Fig. 
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ST. 


38. 


39. 


40. 


41. 


48. 


groove on the anterior aspect of the ventral 


mu oye, 4 AES) 


Section of the mid-ventral region of the meso- 
thorax showing the relations of the nervous 
system, medifurca and the ventral groove. 


x 200. 


Vertical and transverse section of the ventral 


uoYsan oe JUS 


Portion of the heart showing the non-striated 
circular muscle bands. x 590. 


Vertical and longitudinal section of a chamber 


-of the heart. «x 590. 


Portion of the heart showing alary muscles. 
x 5650. 


Transverse section of the heart in the posterior 
region of the esophagus. x 420. 


Transverse section of the heart, together with 
the alary muscles; third abdominal segment. 


x 420. 


Transverse section of the heart; fifth 
abdominal segment. x 420. 


Transverse section across three of the longi- 
tudinal tergal muscles. x 400. 


Longitudinal section through the first and 
second thoracic ganglia, taken slightly to the 
left side to show the median accessory nerve. 


Lol: 

Longitudinal section through the  meta- 
thoracico—abdominal ganglion. x 520. 
Semi-diagrammatic reconstruction of the 


nervous system of Anurida. x circa 100, 


Fig. 
Fig. 
Fig. 


Fig. 


Fig. 


62. 
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Pian: Ve 
Longitudinal section through the posterior 
half of the alimentary canal. x 550. 
Transverse section across the fourth abdominal 
segment. x 200. 
Transverse section across the posterior region 
of the prothorax. x 200. 
Transverse section across the head. x 200. 
The section is taken along the line a, b in 


fig. 27. 
Puate VI. 


Diagrammatic figure showing the position of 
the ovaries (mature). x circa 10. 

Diagrammatic figure showing the position of 
the testes. x circa 15. 

Apex of ovary and base of terminal filament. 
x 400. 

Longitudinal section through the ovary 
showing developing eggs. x 180. 
Transverse section across the ovary through the 
germinal tissue. x 590. 

Apex of testis and base of terminal filament. 
x 400. 

Longitudinal section through the hinder third 
of the testis. x 400. 

Transverse section across the testis, passing 
through the germinal tissue. x 400. 

Longitudinal section of a tergo-sternal muscle 
at its point of insertion. x 400. 

Portion of musculature of mid-gut, showing 
junction of the circular fibres in the median 
dorsal line. x 400. 

Ditto of hind-gut. x 550. 
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